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Translator’s Preface 


This dckik (S the result of some tweniy years of microscopie research 
on prehistoric stone suid bone tools, which has shed a flood of light on both 
their methods of manufaclore and use. Various practical difliculties have had 
to be overcome, notably that of renderirg flint opaque so that it could be 
examined in reflected light under a microscrope. The most imimrtant discovery 
hits been tliat during use microscopic siriations (‘linear marks') were produced 
on the tool's surface by friction. The siriations reveal the direction of mov(^ 
ment of the tool during use and so allow its purpose to be identifled with fair 
confidence. This in its turn throws a sidelight on the way of life of the people 
who employed the tool. 

Apart from the new technique used in the work the book draws together it 
great mass of scattered information on experimenia! work in making and 
testing tools, and also ethnographic parallels that by comparisons throw light 
on prehistoric tools. Comparisons with modern techniques—as steel burins in 
metal industry or the way a modern bricklayer cleaves a brick—are rarely 
adduced in this type of study, but as used by the author here relate ancient to 
modem techniques as well as making the description more vivid. The book 
therefore will serve both for reference and as a manual or textbook. 

Prehistoric Technolofiv {Pervobytnaya Tekhnika} appeared in 1957 as 
number 54 in the Materials and Researches on the Archaeology of the 
U.S.S.R., published by the Institute of the History of Material Culture of the 
Academy ofSeicnccs of the U.S.S.R. Since this series started in 1940 over iOO 
quarto volumes have appeared and have earned it a place among the leading 
world publications on archaeology, fhe volumes normajly deal with spetpal 
periods or areas and quite often are rnonogniphs, as in this case. The Russian 
ed it ion has Wn out of print for several years. - , 

This English edition is virtually a complete translation of the Russian 
edition with the exception of the description of Russian inslmmcnts tn parts 
5 and 7 of section one and another minor omission on page 59 made on the 
author's instruction (at the translator's suggestion). Omissions in the text 
have been marked with an asterisk. A list of illustrations and an (ndex, not 
included in the original, have been added to this edition. Iti the footnotes 
Lilies of articles have been omiticd, but the titles of journals given in full, in 
order to avoid the need for a list of abbreviations. Footnotes concluded with 
the letter T have been interpolated by the translator. The format is broadly 
similar in both Russian and English editions. 

Dr Semenov has most kindly made available either the pnnLs used m the 
original edition or (in a few cases) substitutes. A few poor or damaged prints 
have been omitted, but with the exception of the colour plate in the Russian 
edition the i I lust rations are substantia My the same in both books. The quality 
of reproduction is better in the English edition, which also contains one pnnt 
of high magnilkption{fig.47). Scales are not always given ineitheredilion and 
where they are should be regarded as approximate. 

It is hoped that the translator will be excused for introducing a personal 
reminiscence of how he llrst became interested in Russian work on this subject. 

in connexion with a doctoral dissertation I wished to make some antler 
harpoon heads for experiments. It seemed to be worth white to use actual 
palaeolithic techniques.^ Reindeer and red deer antlers having been obtamed 

>S« APF^mlU h dlmeiWUiH. iw .W/tofWHr -V fV f&rrAi- fVlIliNtllb UjPK IVSJ) 
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from Finland and Scotland and flint llalces Irom tht Brandon flint-knappers, a 
diHiculiy at once arosot how to make a burin* The Srandon knappers averred 
ihai it was physicallv intpossiMc by flaking, and 5o rather than waste time 
several ‘burins' wereVut with a diamond cutler. After prolonged soflcning of 
the amler by soaking, it proved fairly easy to cut grooves along the full length 
of the beam and extract the necc.ssary antler strip. Several harpoons wen? 
made, mainly with steel tools, but in one case using one of the burins us a 
chisel, The rough tools could then be ground smooth with sandpaper. The 
main failure in the experiment (and perhaps the reason why it was never 
published! was the inelfectivc nature of the ’burins’. In cutting the grooves m 
the antler a long flint Hake was used, partly wrapped in cloth and held in the 
closed fist, and then dragged with the full strength of the body along the beam. 
The flake was not held liken knife {Gerasimov's method in tig* 78.1), but at 
right-angles to the groove, so that to the accompaniment of a loud squally 
shriek antler material was torn off each side of the groove, the waste being 
rather like sawdust. The movement is identical to that described by Semenov 
fora burin, and no doubt the explanation for the ineffectiveness of my’bunns 
was not so much that they were diamond-cut as that they were too short. The 
tool must be held in the fist, not between the forefinger and thumb, because the 
secret of the operation is sintpiy brute force; the whole strength of the irunk 
and slioulders itsu-St be brought to bear. 

This digression brings us to a cardinal point of Semenov’s book: in modern 
e.^perimorits one cun do pr«itiicalty anything with flints; the only reliable 
guide to the original purpose of u tool is the iruccs of wear that it bears. A& 
described in the Introduction the study of function can be envisaged as a sort 
of trident; the centml and main prong is analysis of traces, the two auxiliary 
prongs are practical experiment and ethnographic parallels. 

The first section on methods is divided into seven parts, the last three of 
which deal with the technical problems of microscopic research. The first 
three deal with natural changes and processes of wear on stone and bone, 
while the fourth describes the kinematics of working with the hand. We have 
to be clear in our own minds how tools are moved in different operations, so 
that the microscopic striations which reveal the direction of movement can be 
interpreted in terms of function. 

The main part of the book which deals with stone is section two- Three 
imroductory parts give a valuable table of stones used arranged according to 
the smoothness of fracture surface, an account of obtaining material, 
the most interesting—Semenov’s views on the extent to which the quality or 
tools dcp^iitied on tbs; propcrlic^i of iivailable m^lcrifll. TheC-asc for a docssiye 
inhuencci^ very sirongly put, particularly the beneficial effect of chalk fivnt in 
those limited areas where it occurs. The translator would certainly agree with 
most of this cogent section. 

Parts 4 and 5, both divided into numerous subsections, deal with the manu¬ 
facturing of stone tools and idenlificalion of their funclion respectively. 

As he is dealing with techniques—in this case percussion-the author docs 
not separate core-tools from (lake-tools, a distinction which underlies so much 
western thinking on the subject. On blade-rnaking. he is not jiblt to offer any 
final solution of how blades were made, although he believes that the tip of the 
presser was made of flint. Semenov regards bone and wood as haying played 
a much smaller part in primary working than is generally believed in the west. 
Perhaps the most remarkable iheory is that Solutrean surface retouch was 
merely a technical device for removing the natural curvature on the blade, 
very necessary in projectile heads. By the same token wc might argue that the 
Magdaicnians abandoned Solutrean retouch because they made their pro¬ 
jectile heads of bone. This curvature on the blade is regarded by Semenov as 
Ortfr of rhe itiflln snag^ arising in ihe use of bladc^^ siid for ihh reasom he 


regards segmenialioii, tlic manuraciure of microliihs by dividing ihe bliide 
and inserting thein into a haft, as ihc logical culmitiaiion in the evolution of 
blade industries. This view should help to raise mesolithic industries in our 
esteem! Burin-spalling by a vertical blow the author regards as used not only 
for Ttiaking burins, but also as a method of blunting a sharp blade-edge for 
holding in the hand or hafting. The subsections on pecking, grinding, sawing 
and boring—predominantly neolithic techniques—are csttrcmely clear and 
thorough, and should be of great help to the student. 

A point that inevitably comes to mind is how far can the 'neolithic revolu¬ 
tion* be regarded as a technological revolution in terms of stone-working. 
The late Gordon Childe used the word 'revolution* to connote a social or 
economic iransfbnnation, the change from hunting to agriculture as the 
means of subsistence. Practically all the techniques of stone-warkingen umcT- 
ated by Semenov were known by mesolithic times; what was new m the 
neolilhieperiodwasthe massive appi icat ion of s! igh tly used techniqucsloncw 
materials, more particularly grinding previously used on twne now used on 
granular rcjck. The eighicenth'Century Industrial Revolution was. after oh. 
largely a matter of employing old techniques, like the water wheel, in new 
vvays and on a larger scale. As Semenov says, the technique of grinding 
brought into use a new^ range of raw materials which made possible the 
coloriitation of large, previously uninhabited areas. 

In part i we come lO the heart of the book, the idenlihcalion of the function 
of stone tools from traces of wear on them. The results are not entirely at 
variance with previous ideas, but rather clarify and make more precise our 
Misting notions. Side-scrapers (from one example} are identified as a tool us^ 
in a two-way movement for primary cleaning of the underside of tlie skin, 
while end-scrapers were used with a one-way movement for secondary 
scraping, softening by rubbing. Burins arc identified without hesitation as used 
for grooving ivory, bone and antler, the burin angle acting as a son of saw¬ 
tooth, removing bone pulp from the side of the groove. Two new types of 
tool identified by Semenov, and only recognizable by microscopic t^es. arc 
meat and wjhittlitig knives, A moment’s reflection will show that m the son of 
life led in upper palaeolithic times knives of this kind must have been indi¬ 
spensable, An important discovery is the idemilication of a flint axe from 
Kostenki I. regarded by Semenov as used primarily for chopping mammoth 
tusk. This may provide an origin for the axes which play such an important 
role in post-glacial industries. The accounts of the use of ground axes and 
and ihc inices oj\ sloftc arc a p;irticu.lnrly wdcoine addihon to 

our knowledge. The rcu$ons put forward by the author for ihc lopHsidcdness 
of neolithic axes, like those for the lop-sldcdncss of cnd-scrapcrs, carry 
compleic ccinvietiou, for ihe trani^laior ai Icasit. The linuJ subsection on the 
abmsivc instruments from Verkholensk is a very line piece of detection. 

The third section on bone lacks some inlercsL for the western reader, 
because it does not deal with the w ide range of tools of reindeer antler found 
in the French Magdalenian sites. However, against this it does give us much 
information about the use of mammoth ivory on Russian sites, w here it is, of 
course, much more common than in the west. Of particular interest is the 
notching technique for severing tusks, using an axe, chisel or burin. The 
longitudinal division of ivory tusk closely resembled the removal of slnps 
from antler already mentioned; with this difference, that ivory has no so t 
spongy centre, so that strips could not be snapped out, but had to be struck 
free w ith a chisel. Semenov has some very sensible things to say about soften¬ 
ing bone, and the translator has added some addilional information tn the 

footnotes. , . . ... 

Part 3 deals with Eskimo bone tools and their origin. The curious feature 
about these has always been that the earlier the industry the finer the bone 


tools sippsar to be' it now reasonably clear that the ingcntoiis toggle- 

head harpoons used for se?il-hun.ting (upon which the winter sumval of the 
Eskimos depends) could not have been made without meiaL Eskimo bfe 
therefore, like hulTalo-hunting on horseback by the prairie Indians, nUmnalely 
owed its cKtsLence to borrowing from a much more advanced culitire. 

The parts on handles, burnishers and matlocks are of especial intereslr Jt ts 
reasonably clear that a burin required some sort of handle, because of the 
force u$cd and the danger of lacerating the hand. The maitocks were essential 
tools for the upper palaeolithic inliabitanis of the Russian steppe in order to 
dig their well-known semi-sub ter ranean houses. Part 5 desenbes the use of 
long bones on later Classical and medieval sites. The 'skates\ which are also 
found in England, are ideniificd as used attached to the feel, not for skating. 

but for thickening cloth. r t ■ 

The book ends with an essay on regubniy in the development ol tools m 
the Stone Age which it would be impertinent for the translator to attempt to 
summarise. Western archaeologists tend to regard stone tools as type fossils 
and not to seek underlying evolution throughout this vast penod oFlime. A 
technologist like Sentenov understandably is not inietesied m cultura 
divisions, which in any case in the Stone Age are not very meaninglulp an 
seeks to find the technical improvements that the changes imply, Whtle we 
should be hesitant of seeing Taws of developmcnt\ that a Marxist desires to 
find, nevertheless the sort of underlying changes described by Scmctiov seem 
to be real and helpful to our understanding of the subject. 


Such is the gist of the book without doing justice to the cogency of the argu¬ 
ment, clarity of thought and prolonged research on which it is basi^. There 
are^ however, two criticisms which in fairness to the reader ought tnade^ 

Firstly is the foreign work thin is ignored, probably due to the diihculy of 
obtaining the books in the Soviet Union. In a book that vciy largely deals 
w ilh upper palaeolithic industries it is surprising that there is no mention of 
Mount Carmel or Parpallo, The segmentation of blades is desenbed without 
reference to microburins^ while in describing the longitudinal cutting of ivory 
no reference is made to the analogous method used on antler m western 
Europe. Such examples could be multiplied, and, while they do not vitiate the 
argument, the reader should bear this fact in mind. 

The second criticism is of the method. We are told how tools were selected 
for micro-analysis by fairly obvious signs of wear. It would inspire more 
confidence if a fused sample of tools had been taken and record made of how 
many did or did not boar the given traces of wear. For example the marks of a 
stone presscr-tip on the platform of a blade or core arc described by Semenov, 
but he sa >'5 that in numerous ca-ses there were no marks (p. 53). This might 
mean that the blade came off at the first exertion, but it might mean that ihc 
presser-tip was ofa softer materiah such as bone. No doubt the explanation is 
that with a very laborious process like micro^analysis it would not be practical 
to at tempt it unless there were obvious signs of wear on the tool, but never¬ 
theless the reader should bear in mind the selective nature of the samples. 

These criticisms in no way detract from the translator's warm admiration of 
this very fine book which undoubtedly marks a major step forward in the 
subject. It only remains for the him to record the pleasure the tnin slat ion has 
given him, and his gratitude to Dr Semenov for supplying the onginal prints 
for the figures. Warm acknowledgement must also be made to the publisher, 
Mr Anthony Adams, whose idea originally it was to publish ^ iranslalion, 
and to Miss Saraia Butcher, who has most kindly read and made many 


corrections to the typescript. 


M. W. THOMPSON 

WImhhdon, fchrunry 
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Introduction 


It ts well known whut signt5canec the sEudy of tools and 
the history of manufacturing has for historical science. 

Maix Slated the necessity for the creation of a history’ 
of the development of manufaciuring tools and wrote: 
'Darwin direcled attention to the history of natural 
technology, lliat is to the formation of planiand fttitmaS 
organs, which play the part of manufacturing tools in 
I he vegetable and animal kingdoms. Docs not the 
history of the creation of the prodiiciivc insiruinenis of 
social man, the history of the material basis of each 
ctuity of social organisation, deserve ih* same □tiention 
from history ? And would this not be the easier to write 
since, as Vico put il, precisely whai distinguishes human 
history from natural history is that the first is made by 
us while the second is not. Technology rcvcofs the active 
relationship between man and naiurep a direct pro^^ss of 
his existence^ cortsequcntly of the social relationships of 
his life and so of the spirituaJ phenomena tbal arise from 
them.’* 

The present study is devoted to the problems of the 
hisiory of tire oldest working tools. 

For the study of prehistoric tcchnolo^ archaeological 
investigation of the i^mains of the working activity of 
man of the Stone Age has provided great opporiunilits^ 
in particular in the palaeolithic period, researches in So 
which began with the discovcfies of ihc 'Ikst tools* 
(Clicllean haiid-ajLcs) by Boucher dc Perllws in France. 
However^ in studying very ancient lechnology scholars 
haveenoounicred great diBicuhics.Tens and hundreds of 
thousands of years separate conicmporary tools from 
palaeolithic ones, so not much can be understood by 
simple obscr^^aiions and comparisons- 

[ nvest igators studying the Stone Age have not infre¬ 
quently attempted Eo prepare ancient tools with their 
own hands out of flint and other material, and so by 
experiment, not only to test iheir cffcciivencss and 
reliability in work, but also to find out the functions they 
fulftlled in the bands of prehistoric man, Boucher dc 
Perihes, J. Evans, E, Lanei, G. de Morlillet, L. Capitnn, 
L. Leguay, E. Pietie* A. Vayson de Pradenne, L. 
Pfdfier, V. A. Gorodtsov and many others by means of 


actual experiment have achieved solutions lo problems 
of this kind lo a greater or degree, believing this to 
be the simplest and most straightforward way of doing 
it. Experimental work in the study of the most ancient 
techniques of working sionc has continued more 
recently ihrough tlic efforts of such scholars as: t- 
Couiicr, F. Bordcs* A. Dames, D. Badcn-PowellJ, Reid 
Moif. F. Nowells, and L. Imkcy. Several of ihcm have 
carried out experin^ents over the course of many years. 
A film has been made of the work ofL. Couder. 

However, although there have been several essential 
discoveries relating to the mtEhod of pncparaiion of 
stone tools Ehese workers have achieved hardly any 
success in the elucidation of their function. Even when 
it was possible to cany out a definite type of work with 
this or that tool there could be no ccriainiy that pre¬ 
historic man employed it for exactly this purpose. 
Experience showed, for example, that a flint bliule can 
cut meat, or dress skins, or whittle wood; that a burin 
will Indsc bone and wotxl and even bore through these 
materials: that a point can be mounted m a slick and 
used as a dart or serve with or wiihout a handle as a 
knife. 

L. PrtifTcr experimenting with an cnd-sctapcr found 
that its circular retouched end worked equally success¬ 
fully for scraping or cuEting, if l>eld at right-anglcs lo 
the working surface, and several funcEions have been 
assigned to the cnd-scfaper on the basis of those experi¬ 
ments. 

It is very probable that in the linrw of prehistoric man 
there was not a rigid division of function, between the 
various categories of tools; someiimcs several functions 
were fulfilled by one tool, or one and the same job was 
done by diflereni tools. But all the same prehistoric man 
had a varied inveniory of utensils, not contenting him¬ 
self wiEh just a few forms^ 

Thus the experimental approach cannot serve as an 
independent method of study of the function of tools; 
precise evidence is required of w hat was the rtal purpose 
of the tool in each spec ihc example. 

There is yet another weak aspect to the cxperimenlnl 


1 K Marx. IV3IX T,1Tl.tO V. Vko. ISM juriiipWkiwh- T 1 










PREHISTORIC T ECH NO LOG V 


iipproiich 10 Ihe soSuiiDii of the problem of ihe purpose 
of a loo]. Ii is very diflicull to re-create the actual condi¬ 
tions of work of prehistoric man and devise io a con¬ 
temporary liiboraiory' estpcrimmis with these objects, 
used just as he would have done. The palaeolithic 
hunter worked with stone burins on mammoth tusk 
and deer antler, with flint side- and end-scrapers be 
dressed skin, and with knives he disembowel ted animal 
carcasses or cut up meat. Working primsscs of this 
kind cannot easily be reH;:rcaied with the precisiori 
necessary Tor ejipcrimcnt without the repbccmcnt of 
proper objectives by substitutes and direct coursevS of 
action by indirect ones. The amaTCor nature of the 
cxperimcnis and doubts about the results is the reason 
why the majority of archaeologists ieave their work 
unpublished. We know about them only by brief refer¬ 
ences in urchaeologicaE publications. 

It would be a serious error, however, to reject entirely 
the part of experimens in this matter of studying the 
function of tools. As an auxiliary meEhod looonrirm or 
make more precise deductions made from the traces Icfi 
bv wear direct experiment is undoubicdly useful. Never¬ 
theless pis ftiUpscale application is only possible in th^ 
cases which ore accessible to U5» as, for example, working 
Slone, borte^ wood, skin* soil, and other materials, the 
introduction of which into the practice of the experiment 
is less difficult than other objects of a hunting culture, 
Expefiment is iraporianl (apart from testing the 
mechanical properties of ancient tools) for the physio¬ 
logical experience of really assessing the nature of the 
working skill of prehistoric man, of the li%c sensation of 
the expediency of form of a stone tooir and £0 ooi 
Checking by e.xperiment is important in siudy of the 
cfTicicncy of work of ancient toots. Experiments to test 
stone sickles. iYeolithjcaxes+ bows and b^mcrangs from 
ethnographic and archaeological collections, curried out 
in Cicechoslovakia* Denmark* Brazil and other countries 
are by no means valuetess- Thanks to cxperimcni it has 
been possible in a number of cases to assess with an 
appropriate example the efficiency of implements abotil 
which informiilion was inaccurate, due to faulty cthno^ 
graphic description or prejudiced opinion, casually 
given by oerEain ethnographers and archaeologists. 

Ethnographic materia is play a vital role in the study of 
the function of ancient tools and the establishment of 
the tochnit^nos of manufacturer However, evidence for 
tcchnicjucs of manufacture among backward tribes of 
Asia, Africa, A merits* and Australia is far less satis¬ 
factory' than information about art. Enjstoms and beliefs, 
kinship and social relationships. At the lime when the 
backward tribes of these countries sliil preserved iheir 
technology and economy there was no deep inEcrest 
among the majority of clhnologisu and travellers in the 
^prosaic' side of the life of the societies they described. 
Nowadays these sociclies have either perished as a result 


of the brutal colonial policy of imperialist governments 
or exist in conditions where to all intenES and purposes 
their original economic life and tools no longer survive. 
Ethnographic evidence, ciiher in museums or rrom 
field study* in spile of its inadequacy and sporudic 
characler* still retains a great deal of value. As a basis of 
of comparison ii is very useful in ihc invest! gal ion of 
ancient manufacturing. 

In The study of the technology of the earliest .xtagcs of 
human devcropmcnt* when the tools commonly are of 
puzzling shape, giving rise lo ditTcrcni opinions and 
controversy, we have worked out our own method of 
study. This is b^ised on the fact that tools, independent 
of I he materials out of which they arc made and the 
shape they have been given, bear characierisiic macro¬ 
scopic and microscopic marks which are traces of work. 
There are two categories; (1) traces of wear and use, (Ij 
traces of manufaciunc. Truces of wear make it possible 
to define what work was done with a given tool, that is 
how the object being studied was used and on what 
material Traces of manufacture can explain with what 
tools and by what means the given object was made. 

Tracea of work arc very valuabic documents, os they 
allow us to understand the whole range of variety of 
tools in the light of the distinct functions and working 
activities to which man subjected them. 

Traces of manufacture on ancient tools have occupied 
the attention of archaeologists for a long time. Observa¬ 
tion of these traces played a decisive pari in the study of 
The preparation of toois in the palaeolithic and neolithic 
periods (percussion, flaking, reiouch, grinding, sawing* 
boring and so on). although the evi dence of e thnography 
and* to some extent, experimental work have made no 
small contribution. By study of the surface of clay 
vessels k has been possible to disiinguish wheel-made as 
distinct from hand-made pottery. In 1823 Tournal* one 
of the first defenders of the thesis of the great antiquity 
of man, put forward as proof of his theory the traces of 
work by sharp tools surviving on the bones of cxtinci 
animals in the Grotie dc Size (Aude) in Ffanec. Later* 
truces of use of sharp tools on bones served archaeo- 
logisls as quite definite evidertee of the contemporary 
existence of man and mammoth. E. Lariet and G. de 
Mortihet drew ailcntion to the way such traces could be 
distinguished from others left by the teeth of animals, 
notably heavers. 

Study of traces on ancient tools was one of I he tasks of 
the Laboratory of Historical Technology in the State 
Academy for ihc History of Material Culture in ihe 
fir^il years of its existence. N. F- Tikhonov wrote: 
"This comprises study of ihc lechnlquc of manufacture 
beginning with the extraction of the material and going 
right up to the final division into different shapes and 
forms. It is necessary lo study with the microscope and 
spectroscope the appearance of the surface^ to discover 
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ihe traces orinstrumenis and means af boring, grinding, 
etc., and so by nnalogtes with coniemporar) iradiiionDl 
methods in Ihe same regions re-creatc the technical 
environment in which work took place.** All the same, 
such latvoratory work never look pince. Nor did studies 
of the traces of wear on tools ever materializfi, although 
various archaeologists retained their interest in the 
subject. In particular P. P. Ertmenko in 1934 selected a 
11 timber of flint lools from Kostenki I with traces of 
wear from use in the form of polishing on various pans 
of the surface, which formed the malerial used in our 
own firsi researchcii. 

The credit is due to Cl, A. Bonch-Osmolovsky for 
correctly identifying the dents on the fragments of long 
bones from thcCiive of Kiik-Koba (Crimea 1 which made 
these objects reeognizahle as retouchers. Previously the 
view of H, Martin had prevailed among western 
archaeologists that the traces, well known on long bones 
from palaeolilhic sites, were due to use of the bones as 
anvils.* Bonch-Osmolovsky, studying the i races of work 
on tKvncs, Jn particular cuis on the epiphyses of bones of 
dontestic dog, rightly concluded their origin as due to 
the use of this animal as food by ihe mesolithic hunicrs 
of the Crimea. He wrote: Wc can confirm from these 
examples th^sx material from palaeolithic sites is by no 
means SO dead as is ofEcn thought; il is the object- 
seeking. formal typologioil approach, carried to the 
point of dogma, which kills it.** 

Tlw same worker first put forward an imporuint argu¬ 
ment in favour of a functional approach to the material. 
Using the experience of his own observaTionSp he slated: 

Completely dilferent types of tool of the lower and 
upper palaeolithic periods had one and the same pur¬ 
pose. This proposition is ancssemial blow to the formal 
typological treatment of the industry from a siie w hich 
indissolubly hinds cstch difTcrent shape to a function 
and ulmosi turns this into a fetisb,^^ Our researches on 
materials drawT from scveriil periods fully support ibis 
conicntion. 

The work of M V. Voevodsky on truces on clay 
ve^ls of their method of monufacturep as w^ell as the 
invest [gal ions of G. G. Lemlcin on the technit|ues of 
rntmufaciurc of ancient stone beads from the evidence 
of perforation, grinding and polishing, were begun ai 
about the same lime as our work.* 

The rcmarkiible method of B. A, Rybakov used in the 
study of the artistic metal objects of medieval Russia 
deserves special mention." ll is based on detailed study 


of the surface of the jewcUery and the recognition of 
identical marks left by jewel-workers from which we 
can define the ccnlres of production and Ihe market 
areas. 

Important observations aboul the technique of manu¬ 
facture of the log qolfin from Fazyryk (Grave U were 
made by M- T- Gryaznov from study of traces left on 
ihe wood by metui ad;fes. 

The first stage of our work (1934^8) was confined 
10 a narrow range of problems; methods of study of 
traces of wear on palaeolithic Him implements were 
worked out. Predominantly upper palaeolithic material 
(from Kostenki (, Timonovka^ Malta, and so on) w^s 
employed. It was quite cvidcni from the beginning that 
few- iraces of wear on tools of such a hard material as 
fliiu would be distinguishable with the unaided eye or 
with a simple magnifying glass* but normal microscopic 
examination by nrans of a monocular insirumeni 
would nol allows inspection of the multiplicity of things 
desired- l*y use of a binocular lens with maximum 
magnification of 45 ■ a start could be made with ihc 
first microscopic research on surfaces of ancient stone 
implements. 

Rubbing or polishing was adopted as a basic criterion 
of wear on a flint tool. Rubbed parts on a flint vaiy in 
degree of shine, shape* and size. Even a companiiively 
trifling mark due to insertion in a handle has produced 
valuable evidence. Above all, the number of toots with 
evideni iracjcsof use was significantly increased. Besides 
this the cxaminaiion of a large number of those flints 
which we are accustomed to call Hakes and regard as 
waste products revealed escaniptes that bore imoesof use, 
showing that they were tools.’ ConcurTtmly with work¬ 
ing otii a means of selecting tools with traces of use, the 
pccuharities of these traces were closely studied in order 
to distinguish marks due to the action of natural 
agencies, as well as false traces arising from del ibemlc or 
accidental Interference by conEemporarv man. Study of 
I his entailed the examination of the micro-structure of 
dint on a fracture face, inquiry into ihe clfKt of 
patination on traces of use, atiention lo signs of sub¬ 
mersion in rivers or desert sands, and also, an extremely 
necessary mutEcr, study of the distribulion of ihc traced 
of use in relation to the overall shape of the implement. 
Such observations were ncccssar)‘ to identify the work¬ 
ing pan of Ihe tool with precision^ and differentiate It 
from the area of marks left by friction of the skin of the 
hand when the too! had been used without a handlc- 
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In perfecting the mcihod ik was important to disLin- 
gutsh traces of wear on palaeolithic tools which are 
visible lo the eye as chips and denis on the edge, Thtse 
marks of use are oficn hardly difterent from light retouch 
empioved irueniionally to sharpen a blunEcd edge or 
blunt too sharp a one. 

In the first period of otir micro-analysis of palacolithtc 
tools we made an observation whose significance has 
only been given its proper weight in the last decade. We 
estaMiifhed that almost all tools with signs of wtar, 
besides gloss or polish, bore striations in the form of 
minute lines, scatches, or grooves showing the direction 
of nH>vements of the tool and Its position on the object 
being worked. Striations from wear were found especi¬ 
ally on the working edge of end-scrapers from the 
palaeolithic site of TimonovkaJ These marks ettn be 
examined in this case with small mugnificalions and 
normal sources of lighl. Striations from wear soem the 
most important key to discovery of unknown ftinciioiYS 
of anctem tools, for they allow us to establish the 
kirtematics of work in the use of these tools.* 

The study of traces of wear on flint tools both in 
respect of sl^c <micro-iopography) and linear direction 
(micro-gcometry) required a graphic method of record¬ 
ing the evidence by means of drawing and micro- 
photography. Great djlhcuUics were encountered in the 
recording of traces of wtxar by means of micro-photo¬ 
graphy» since an attempt eo reproduce Ehe si^e of these 
marks is limited by the degree of possible enlargement. 
These difliailttes have only recently been partly over* 
come by the use of stereo-photography. 

The first stage of research on tools concluded with a 
successful cjtpcriinent on the neolithic materials from 
the graves on the River Angar e^tcavuted by A. P. 
Okladnikov. Here the work was not merely to determine 
the fund ion of the dilfereni categories of tools, for to 
some cKtent ii shed light on the w hole branch of an 
economy based on fishing-^ 

In the last ten years we have transferred our methods 
from stone tools to the bones in the archaeological 
niutenak Bones, leeih and antlers of animuis were often 
used by man after a very smul! amount of trealmcni or 
sojTuiLimcs even in ait tmworked state. Commonly there¬ 
fore quite a scries of unexplained bone objects present 
ihemselves not only from the palaeolithic period but 
even from the quite recent past,* The sole rcliabk source 
of information about their function Is the traces of use 
they bear. 

The functional analysis of bone obj^ts has its own 
special fc:atures and required different rneihods of work 
to settle new problems, .Among these we qan count: f 1) 


recognition of ihi: traces of human use among ihc traces 
of natural agencies: (2) study of the plastic and stniciural 
characlcrlsiscs of the different kinds of bone (ivory, 
long bones, antler); {1} experiments on the processes of 
w^ear of bone and on ihe processes of working it with 
stone and metaJ implements- 

Thfpugh the study of traces of working on long bones, 
ribs, broad and flat boncs^ ivory and antler, many of the 
njosi elementary devices of palaeolithic technique, 
hitherto unknown or unexplained, w^cre discovered. 

Simultaneously with the work on bone we carried out 
studies on tools and objects of palaeolithic and neolithic 
times of mineral and rock tobsidian, nephrite, slasc, 
quartzite, and rocks of volcanic origin I to which we had 
previously given very Siiile attention. Traces of use and 
w orking on these materia Is also have their own ptculiari- 
Eics. By explaining and interpreting the marks we made 
intelligible the great nameless mass of river pebbles 
and sanHdslone and slate plaques, used as striker stones, 
retouchers, pestles, mortars for grinding colours, 
sharpeners for knives and axes, and other material needs 
of prehistoric man, 

li is important to note that on the new materials 
{bone and differeni types of si one! the striations men¬ 
tioned above conlinu^ as the Iciiding feature- Together 
with these, traces of use of a rnicro-plasiic but non-lincar 
characLcf were found in significant quaniiiy. These have 
no common characteristic and consist of holes, chlp- 
tnarks. elTaecd projcelions, scars, cracks and so on. 
Particles of material (colouring, chalk, silica s^nd, resin* 
metafile oxides, etc.) were obsened on the tools* 
surfaces. 

Remains of mineral colouring matter were generally 
found in the pores of rough stone surfaces. In pakico- 
J it hie sites w^hcre colouring so of Ecn occurs in the cultural 
layers iis traces were often found on the objects, but 
this as a rule must have arisen accidentally; prehistoric 
man sometimes left colouring matter scattered about hrs 
hut, or sonrciimcs it was broughI by waicr into the layers 

Tlic combination of wear and colouring matter on a 
tool deserves attention. Red or brow n colouring nruiiicr 
(ochrel tends to be conceniraicd on working parts of the 
tCKol. This is the case particularly wiih stone pities and 
slabs or flags used in the pounding and grinding of 
mineral colouring materials. Less often vve find these 
(oqIs made nut of bone. Commonly the investigator 
Brsi noUccs colouring on a tool of this type, and then 
signs of wear in the form of scars or striations from 
friction arc identilied afterwards. Sometimes, on I he 
contrary, the colouring matter is only found with a 
magnifying glasa, because iE deeply concealExl in the 
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cmTces, while ihc wcai- is visible to the naked <jye. The 
presence of colouring on the ^arfact; of pounders, 
pku|ucs and f!ag 5 in conjunction with siriations is a vzry 
rehablc clue for identifying these tools^ even a [though 
we are onJy dealing with the usuaJ river pebbles and 
lump of paving-stone type without any truces of 
preliniinary shaping or dressing. Moreover, the presence 
of cgloudrig prevents us oonfu^ing pesttes and mortars 
with identical tools used for the miiKing-up of food, on 
which as a mle coiouringdocs not appear. 

Rubbing toots used on skin and fur also sometimes 
bcuj- colouring. Some bone burnishers of palaeolithic 
times made out of animal ribs have coloured, spatula¬ 
shaped working ends. In all probability these went used 
on skins that had already been coloured or the colouring 
matter was rubbed into the skin wiih ihem. It is known 
from ethnographic evidcrKc that colouring matter was 
mixed with animal or plant fats, and applied to skin to 
make i[ rmpermcable and more fasting. 

On Slone and bone tools of later periods particles of 
other materials have been observed. In the Classical 
town of Tyritacc in the Crimea two kiige flat pebbles 
weighing 400-600 hg were found in I he excavations in 
1947-6 by V. F. Gaidukevich. On one side each pebble 
bore marks of prolonged friction. On ihe less flat side of 
one pebble were remains of ochre, and here faint traces 
due to a circular movement of ihc pebble were visible, 
the surface being rubbed almost to a shine. Tl^e secoud 
pebble was quite Hat with straight fi ne stria I ions 
alE running in one direction. Jn addition, on [her edge of 
the hat side was a smalt hollow scar retaining an 
appreciabk amount of a hard+ shiny mass, consisting of 
grains of sand and lime. It appears that ihis was an 
ins [rumen [ for smoothing the plaster on the walls of 
buildings^ The first pebbk evidauly was a burnishing 
stone for polishing the plaster lo provide a surface for 
colouring. 

For more detailed siudy of traces of use on tools of 
flint and other glasslike minerals and also on ground 
tools (neolithic and early metallic periods}, in the second 
period of our researches wc used a binocular rnicfuscope 
with a maximum magnifioation of 1 ISO natural si7.eand 
a monocular iTiicroscopc, with binocular attachment, 
which gave even greater possibilities. The first result of 
our researches with the new- devices wiis the idcniifica- 
[ion of a palaeolithic axe from Kestenki I and of ancient 
stone sickles from Lukti-Vrublevetska^'a. 

[n the course of ihe work new difh^lties arose with 
Ihe [echniques of investigating the surfaces of Slone 
tools. The transl ucency of the gl^ li ke mass of fti nt, rock 
crystal chalordony* agate, and other simifar minerals of 
[he quarts group wtls a serious obstacle m studying the 
surface of tools at high magnifications in re Floe [cd light. 
Thw required a special treatment of the surface with 
magnesium powder, the application qf a thin layer of 


diluted Indian ink, or colouring with methyl violet or a 
mciallizer. Magnesium powder and mctallizers had 
already been used in micro-photography; colorizers 
were firsi employed in pholographing surfaces of stone 
and bone in our own work. The peculiarities of the 
archaeotogicall material and pf the problems involved 
did not allow us just lO copy the methods of microscopic 
analysis employed fn other sciences. Ill particular the 
well-developed method of slicing used in the study of 
minerals and rocks is completely impmcticable in the 
study of [he function of stone tools. On the other hand, 
st er^phot ography and m icro-S(ejnco-photogniphy. 
otherwise very little used (in mineralogy, metallurgy and 
biolo^), have a vital imporianoe in The study of traces 
of work on tools and artefacts uf ancient man. 

Microscopic observation on jewellery of coloured 
metals, bronze^ silver and gold, has yielded quite fruitful 
results. The opaquenesuv qf HYetal, its solidity and 
plasticity, together with the quaiity of neiaining even 
slight changes on its surface, have favoured the study 
and micro-photography in reflected light of e races of 
techniques qf hot and cold working on metal objects. 
However, work in this field began only a few y«ars ago 
and its results will be published later on, as well as our 
work on ornament on clay pots and on techniques of 
working wood. 

Recent IV wc have put together our rcseaa‘hes on ihc 
techniques of working stone in the palaooliihie and 
neolithic periods from traces of work. Methods qf stone- 
working have always attracted ihc attention of scholars, 
j list as origi nal ty t hey were used as a basis of the di visions 
into periods of the Stone Age. Microscopic studies of 
stone tools, for instance of Ihe pressure areas on cores 
and prisma lie blades with iracci; of work, adornments 
with traces of sawing and perforation, and so on, have 
provided corrections to previously held view^ about the 
working of stone at that time. 

Have these traces such clear differences from each 
other thal they definitely show iheditferent functions of 
tools and methods of work ? 

The method of study of fu net fans by traces of w ork is 
based on the kincmatECS of working with the hand, the 
special fcaiurcs of which arc expressed in ihc stria lions 
due to wear (gcometiy of tnacBl. In addiiion the size of 
the traces of wear Indicates [he character of the material 
being worked, its structural and mechanical properties 
(top^raphy of traces]. These two types of evidence, 
geometric and topographical, when analysed, arc related 
to the form of the working part of the tool, its general 
shape, dimensions, weight, and the material of which it is 
made. All these matters taken into account together 
supply a solution to the question of the purpose of this 
or that tool. 

Research on methods of making tools is based on 
study of traces suniving on the surface of the object 
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from the action of other tools on Traces of ntanu- 
fiictun? indicate the shape of ihe working part of the 
implement, the angle of the movemenls used and other 
peculiarUieis of the process of manurncture. The results 
of obserhfation on she traces of nianufacturc on tools 
have fully borne out the evidence yielded by the study of 
traces of wear . 

The runciions of implements can be deterniincd in 
relation lo the basic chuniciedsiics of the economic 
activiiy of ancient man. As essential work we may list: 
tl) shaping wood by whiEiling and chopping with a 
knife, axe, adze and chisel; 111 digging with a siickn 
mattock, scoop^ etc.; (3) dismembering ihe carcasses 
of animals and cutting meat with a knife; f4) treating 
skin with side- and end-scraper and burnisher; (5) 
perforation of skin and fur for sewing with stone or bone 
aw'is; (6) boring wood, bone, and Stone wiEh drills of 
Various kinds: (7) dressing stone wiEh striker^siones and 
rcEouchers of slonc and bone^ working bone with a 
burin; (9J grinding and polishing sionc with various 
abrasive agents; (10l sawing stone with stone sttws; (111 
pounding, crushing and tdiuraEion of grain, colouring 
matter and so on by means of pestles, morliirs, plaques^ 
Ljuerns; (12) reaping with stone sickles, and so forth. 
Tools with relatively prolonged use of this kind bear its 
traocs of wor. Accidental, auxiliary and supple men lary 
functions had no great signifkance in the life of man and 
arc only atieilod if the new traces are sufFiciemly strong 
Eo rqilaoc the old ones. Some neolithic axes and adzes 
lhat went out of use were employed us hoes or scrapers, 
or bear marks of blow^s with a hard object. buE the signs 
of secondary' functions are quite obvious, 

TTius study of traces of work allows us to speak about 
ancient tools and their fund ions not conditionally and 
approximately^ as we do with the typological method, 
but makes it possible to explain the actual and concrete 
purpose of each tool, as it was w hen in use. 

Precise definition of runction of ancient tools has 
allowed us to recognize certain branches of manufacture. 
Thus, for example, when we knew that in the palaeo¬ 
lithic period a bone matiock fixed in a handle was 
employed as a striking. eanhHdigging tool, we began to 
understand the mcihods of construclion of the semi- 
subicminean houses of that period. The basement of 
such a house up to 15 cubic metres in volume dug in 
thick loam, as at Kostenki U would have been very 
dJtlicult to excavate using a sifitpic sharpened slick, but 
became fciisthlc with the help of a bone mattock. The 
old theory about the use of pit-lraps for catching large 
animals by palaeoliihic man now has a much more real 
basis, since we know that carthndigging in this remote 
epoch was carried out with far from primitive equip¬ 
ment. If we nmy be allowed the comparison^ the heavy 
bone mattock with broad blade, the type found at 
Eliseevich, was as much more elTeciive ih'an the simple 


stick in eanh-digging as the axe was more efficient than 
the knife in dealing w ith wood. 

Traces of work ihai have been identified by anal>^is 
will become characEerisiic signs for the definition of 
categories of tools and thus greatly simplify the recognj- 
Eion of the latter in sites of different countries and of 
dilTereni dates. Tlien implements would noE he distin¬ 
guished one from another by form or muEerial but by 
whether they had one and the same function, hke. for 
example, a stone lice from neolithic China, an Eskimo 
mattock made of walrus tusk, and the iron hoe of a 
NigL'fiiin culEivator. They will have uniform signs of 
wear which cannot be confu-sod with traces of wear on 
other tools. Of course, these traces wilJ not be identical, 
for the types of niaEtock, the material out of which they 
arc made and even Ehc ground which is being worked are 
different. Yet allowing for all these differences then; w ill 
be no fundamcnEai differences of wear on the toots. 

Nevertheless not all implements from aniiquity ean he 
subjected to analysis with equal success. Stone, bone 
and meial objceis whose surface has nos survived in the 
condition it was lefE by man cannot be analysed. So 
stone tools rolled in a stream, weathered bone objects, 
bronze and iron objccis that have suffered from severe 
corrosion, can besEudied by thdr shape only. Even then 
some evidence about the purpose of the object can be 
elicited if its surface has not been entirely deslroyed and 
some small parts survive in their original siate. 

Thc identification of function is more difficult when 
the tool Es represented not by a whole series but by a 
single exarnplc. Marks of wenr vary* in their degree of 
ularity, and preservaEion is an irregular maiter. In the 
case of a single implement marks of use may appear 
feebly or be quite covered over by other marks. Tlie 
latter may arise when the tool was not used for its 
proper purpose, as not uncommonly happened in 
antiquity, just as in life today. In a series of objects the 
shape of the tools has Eo be considered^ but ihe imporEant 
matter here is the great possibilities for analysis that Ihe 
surfaces have. Noe perhaps on all but on one or another 
of the specimens Ehc investigator will see not only the 
primary but also secondary traces of use^ which will 
play no small part in the rircognition of the implcmertE's 
function. 

The study of Ehc function of some tools presents 
dilficulties in spite of clear traces of wear, a range of 
materiak and complementary signs of dcfTniEc use by 
man. Deductions that emerge from an ana!y,sis of 
traces sometimes seem unexpected even for the 
invcstigaEor himself and so need support From ethnogra¬ 
phic evidence. Eor example, such peculiar instruments 
as the bone rasps from Otbia demand research over 
a long period of time. Even after a correct idcnli- 
ticaiion of function, there will si ill remain a number of 
unexplained details. 




INTRODUCTION 


From whai has bectt said k follpw^ that ihc study of 
traces of wear and manufacture not a means erilirely 
free from error for settling all probkms arising from 
ancient manufacture, of eaplsuning all difficulties and of 
disposing of existing controversies. This method 
deepens archaeokjgical perspective by employing a new 
source of knowledge about the activity of ancient 
man, permitting us not only to have a more accurate 
definition of the material to hand, but also to grasp 
something about those ihings which have not survived. 
The method under discussion, of course:, does not ts- 
clude other methods of research on the archaeologiciil 
materials. 


CombEned study of the shape and material of ancient 
implements as well os of traces of wear on them has 
brought imporiant accessions to knowlcd|^ about the 
characteristics of the construction of the hand and 
fingers of prehisioric man,* about methods and habits 
of work, and about the origin of righi-bnndedness> and 
so on. Theories of comparative chronology and di vision 
into periods can sometimes be alietred by the study of 
Ihc technology of ancient manufacttiring, since this 
allows us to difTerentiaie traces of work by meial instm- 
merits from those left by stone tnols^ and so to find 
evidence for the use of tools not themselves present in 
the afchacologtcal site. 


^ S. A. SpPTKTinv, Stf ihf nf "T tkt iif SekMtf t ly ilv 11 ilS50l pp. UMl 
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Methods 








I . Surface changes on stone and bone tools due to natural causes 


P A.TJNATION is the most chiiracEeristic change which 
flint and similar stone undergo through natural agencies. 
Normally hlack or grey flint turns cream or porcelain 
colour through patination. Patina can not only cause 
deterioration in the surface but also deeply p^eirate 
the rock and even quite alter it. Such completely altered 
flini objects of pabcolithk age weigh less compared lo 
fresh flint and show wrhiie in u break. 

Fatination is produced by an exogenous chemical 
process from the action of sunlight, weathering and 
other factors, m a result of which the stone is dehydrated 
and its colouring matter broken up, forming cachalongH 
a mineral of the opal family marked by its crystal line 
softness, h may be noted that shallow patina hardly 
changes the micro-relief of the surface of the flint and so 
does not alTect traces of use on the iDOl. 

Besides patina palacoloihkr firiit tools commonly have 
a shiny surface; the origin of this and its estent is 
variable. Him tools of the lower palaeolithic period 
(Chellcan and Achculian^ named afler western European 
sites bui also known by material in the Soviet Union) 
arc found in the majority of eases in secondary contexts. 
Changes in the original surface have been produced by 
erosion from rain and river watcr^ and, as is well known 
water erosion is due as much to the movement of ihc 
water as to Ihc sand that it carries. The flint's surface is 
gradually polished under the simultaneous influence of 
these two factors. The stone's surface can be polished 
without the action of water if sand-laden wind is (he 
chief agent; we know that flints of quite recent time 
I neolithic and Bronze Ages) are found with quite a 
smoothed appearance on sand dunes. 

The degn^ of brightness of a flini's lustre is obviously 
not depcndeni on ihc duration of the erosion atone* so. 
just as with patination^ this is not a neliable criterion of 
age. 

The formation of gloss on a flint is also related to ihc 
quality of ihe slone. Flint of chalk origin polishes the 
quickest lo a smooth glass-like surface. The light dull 
shade (micro-granularity) which chalk flint shows in a 
bre^ik (fig. 2,^3 quickly vanishes, but limestone flint 
with a hard, rough break-surface, quartrite^ and chert 
polish more slowly. All the same, the appearance of a 
gloss on a flint surface can in son>e rneasurc arise with¬ 
out the participation of waier, w^lnd or sand. For 


example, flint objects from undislurbed uppKrr palaco- 
lllhic levels in many cases do not pncsers'c their origjnat 
micro-relief with the characteristic dull break-surfacer 
Observations on material from the Kostenki-Borshevo 
region, from Gagarino, Timemovka, Eliseevich, Malta 
and other sites have shown dint, objecls tliat were 
covered by a light gloss almost all over their surface. 

1 he origin of the gloss on flints in undisturbed cultural 
levels Ls unc.\plai!n^H but in all probability it is not 
connected with patination. Patina ted flints from 
Kosicnki \ found in ihe bottom of an eanh-hou^e in 
many coses bad jus I this gloss like all the rest. It may be 
assumed that the gloss is due lo chemical action on the 
surface from the surrounding materials, tf these natural 
changes on the flint surface have been severe, it not only 
makes micro-analysis very difficult but renders otKServa- 
tion on traces of Work quite impossible. Several upper 
palacolEthic sites (PU.shkari I) give just such nvateriah 
Severe gloss has in this case covered and even quite 
destroyed traces of use on the tool. 

Besides a general weak gloss on some surfaces, 
different shiny pans can sometimes be obscrv^cd which 
attract attention by their brightness. They look like 
single or groups ofscintillaTfons, sharply defined stars or 
luminOLis veins. Their origin still remains utic.xpluirircd- 

Someiimes patches that have been polished by sand, 
water or wind itre visible on tools. Conimonly in making 
his tools ancient man used pebbles gathered on river 
banks or lumps of flint that had lain exposed for a long 
time. Remains of such pebble surfaces survive on loots 
with this origin, the shiny unworked pans standing oui 
not only by the sharpness of their edges but also by their 
colour and rrlicf. 

Natural changes in surfaces of tools made of volcanic 
rocks (granite, dsorllc. diabase, andesite, sienite and so 
on} sometimes show thcmw^lves in destruction of the 
rock iOielf by weathering. In such instances the outer 
surface breaks up and crumbles firsl. 

During our searches with the binocular microscope 
for traces of striation on the surface of tools of flint, 
chalcedony^ quartz and obsidian we often noticed, and 
were dcla^ by^ lines wlih a stepped or rib~Iike relief 
(fig. Z.4 and 5>, The dimensions of such rlb-like lines 
were very* varied. On some tools they were sufficiently 
large to be clearly visible to the eye, but quite commonly 
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ih^y could only be deiecied by mj^gnifkation- These 
liaes have nothing in common wiih truces of ^ork, but 
are a charactcrisiic peculiarity of fracture of certain 
rocks. With a little practice they are easily distinguished, 
hut they^ have a nuisance value for the researcher hiding 
the real traces of work, or impeding ohservations of the 
latter when mixed up with iherUr 

In the study of traces of munufacture and use on 
bones it is essential to distinguish every kind of altera¬ 
tion on the surface of the bone tools and objects caused 
by the surroundings in which they occu.r. Let us lisi here 
eight types of change which have to be taken into 
account] 

il} General destruction of the hone and loss of its 
original form due to physical and chemkal processes in 
the soil (temperature and dampness, action of natural 
soHenisJ. Such bone even when collected by the analyst 
hiiTLself is rjuitc useless. 

(21 Destruction only of the objcct^s surface, its shape 
being retained. This has no value for research. 

(2) PaniaJ decay of the bone^ which we often come 
ucross- This has not tost all value for the investigator if 
traces of work fully or partially survive. It is very 
important to note that a working surface nibbed from 
use is less liable to dccay^ as the compressed bone texture 
will resist the destructive action of natural forecs for a 
longer time. 

It is not without inlerest lo point out ihdian analogous 
fact has been cstabli^ed for this condition in polished 
metals. On a surface of finely worked metal as a result of 
adsorption a thin film of physico-chemical character is 
formed whkh protects the metal from decay. V, A. 
Barun said of this fact: 'The less rough the surface, or, 
in other words the smoother the worked surface, the less 
influence the surrounding conditions seem to have, and 
less corrosion takes place, 

(4) Deformation of a generally intact bone, which 
happens if the bone has been wet and swollen. Later the 
damp cvaporaies, but the dried-out bone is not able to 
return to its original shape. 


(5) Traces of plant roots on the bor>e surface- The 
organic acids secreted by plant roots eat into the surface 
of the bonc+ leaving grooves in the shape of curved, 
iniHcately etched lines often reminiscent of woim holes. 

(6) I mpressions of canine t^th of carnivorous! an imals 
and incisors of rodents on the bone surface. These 
traces are encountered Jess frequently, and are distin¬ 
guished readily by the disposition in pairs of the impres¬ 
sions. 

(7) Hollcd bone^, Bones found in a layer moved by 
water, which have been thoroughly rolled, can he 
disitnguished by the uniform smoothness both of 
projecTions and hollows on them. Bone of this type does 
not require specialist analysis. In examining partially 
rolled bones (from a washed-out layer) suspicion can 
arise that traces of use are present^ especially if a sharp 
projection of the bone has been abraded. But a current 
of water even with sand rarely produces si nation traces, 
as the mechanical pressure of the sand is slight, tf such 
traces are encountered, they arc not always on the work¬ 
ing part of the tool and dp not give a kinematic picture 
characteristic of human work. 

(tj) Surface alterations due to atmospheric action 
prior to its burial in the cultural layer {weatheringk In 
such cases the surface Is cracked or even exfoliated, and 
also has a lighter hue than bone which has not under¬ 
gone I his. 

The alterations due to natural agencies enumeraied 
above do not flitaJly exhauit all eventualities w^hich the 
student may encounter. Several changes still await 
explanation. Quite commonly undoubted traces of work 
are found on objects, but as II were partially veiled 
over; the contours of the object are softened, the corners 
missing, and there are outlines of incxplieuble traces. 
Whether this is the result of brief weathering or bio- 
chemical reactions it is dilficuk to say* 

Still allowing all cases of damage to the surfai^ of 
bone remains, traces of human work on them are 
numerous and varied, and of these wc can speak with 
full confidence as a source of archaeological evidence. 


> V, A. Barun. tlrw .WrF^jTWWfr^ ^rfa M prArt/ itfi'M/ nmlin p, 2L 
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2. Ba^ic traits of manuractiire and wear on stone implements 


Contemporary views ihc stages of devdop' 

ment of material culture in the palaeolithic and neolithic 
p^criods arc based for the most part on [he study of the 
tochni 4 yes of manufacture, on the alterations and 
elaborations of the methods of manufacture of stone 
tools. Observation shows that the oldest of these tools 
were made in the simplest way—percussion (ohhirkaX 
thill is by blows with one stone on another. The 
characteristic trait of such work by strong blows on 
flint or quartzite nodules are the large scars left on the 
surface by the detachment of the hakes. If a nymber of 
scars should occur in a certain combiniiiiod on the stone, 
then this issufheient for the archaeologist to be able to 
speak of tracts of human activity and not of natural 
agencies. On Ikkcs the marks of wforking arc the bulb of 
percussion and retouch, and on upper palaeolithic 
blades^ where the edges give the form of a prism, burin 
scars and flat, small and steep scars from pressure 
retouch. On neoliihic axes, chisels and knives, besides 
I he traces of manufacEure already menTioiwd^ the 
archaeologist notices a new trail, a ground surface on 
which even the unaided eye can observe u mass of tiny 
parallel wear scratches, (hat is traces of the action of an 
abrasive agent. Siiwing and boring produce so great an 
alteration of the object worked that not only the method 
of work is visible but also the nature of the movements, 
and even the form of the instrument used. The so-called 
pecking technique on sione^ ihat is striking off tiny 
chips, can be recognized easily by the rough, humpy 
surface of the object. 

Together with these visible signs of manufacture there 
are also microscopic traits on stone tools and objoas. 
These are the tiny holes*'peepholes' and cracks^ which 
appear on a flinty material from blows and pressure by a 
hard instrumenir that axe not visible to the naked eye. 
Especially important are the scratches and stnations 
that should be seen on the pressure platforms of cores* 
blades and other parts of stone obj^ts where pressure 
flaking or retouch has been applied^ They not only 
betray the direction of I he instrument's movement bui 
also somcof thcchanicterlstk?i of its maieria!. Sparkling^ 
crushing of the edge and projections^ starring of the 
surface, micro-retouch, hardly delectable abrasion and 
so on: these arc all Ireces of manufacture from which 
the peculiarities of ancient technology can be [dcniified- 

The character of wear on a ich:>I during work depends 
on various condiUona. One of these is Ihe qualiiy of the 
material of which il is made* its less or greater degree of 
resistance. Tlie wearability of a Eool can depend both on 
Ehc shape of its working part iangic of sharpnes-s of ihe 


blade edge or tip) and on (he length of time it is used on 
the work. 

An obsidian knife wears more quickly than a flint one, 
as on [he hardness scale obsidian is more than one point 
lower than flint. Given u uniform use a flint axe with a 
working edge of 50 shows a greater degree of wrar than 
another with an edge of 60 , because the blade of the 
first biles deeper into the wood and so encounters 
resistance Over a larger area of its working part than the 
second one. 

Much depends on the human force applied. There 
will be quicker wear on an euce relatively if at each blow 
a force of 15 instead of 10 kilograms is used. Neolithic 
man look lime to work out a rational edge angle of the 
blade of his adze for the various operations of wood¬ 
working: rough dressing of tree-(runks, hollowing out 
dug-out canoes, fine face-working of objects, or cross¬ 
cutting felted timber, t^ommoply he made a squarish 
adze with working edge angle of 75\ which required 
great kinetic effort, so that the tool wore severely and 
had a poor coefftetent of useful work- 

Oihcr important factors that influence the degree of 
wearabiliiy of the tool are the speed of work and also the 
working posliicm of the tool {angle of culling, angle of 
sirikingk 

Naturally even sharper dlffcrenoes of wear are due to 
different properties and characteristics of the material 
that is itself being worked. More wear on sionc and 
metal tools is produced by working stone, than by 
working the ground where the wear depends on the 
nature of the soih Later on, still within the subject of 
prehistoric lechnolog)', we shall say somelhing on work¬ 
ing in bone* wood, skin and meat. 

Wear as a physical process is divided into two basic 
types. ITic flrsl type is the very rough forms of skforma- 
tion of a tool during the work. This comprises all kinds 
of alteration that arise in the course of blows that 
damage the working part by the disEocalion of corn- 
para lively large picceSp discoloration* shatter, creation 
of scars, dens, nolches, cracks and so on. The second 
type con^priscs the less, noticeable nianifcstations of 
deformation in ihc tool which we can ciM micro- 
deformation. The latter is observable in those very 
frequent cases when wear arises from friction between 
the tool and the object of the work. 

Evidence of friction can be very distinct* ranging from 
the wear of a flint knife in cutting up meat to the friction 
of a bone or wcM>dcn hoc through a sandy soil. The 
intensity of wear, the degree and character of dcForma- 
lion oft he tool are far from uniform. It is well known 
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I hut even the most yielding material, showing not the 
slightest resistance to n tool made of the hardest 
nmteriat, with she passage of sinie will erode she toors 
surface and even alter iis shape. 

In practice we ein distinguish three degrees of wear oti 
a tool from friciion on another object! (1) polishX^ 
tsmall specific pressures with dispersion of minute 
particles and micro-plastic a Elections of the surface)^ 
fhigher specific pressures with dispersion of 
more substantial paniclesh and (I) rOJipitf^ (large 
specific pressures wiih macroscopic destruction of the 
surface). 

In the process of wear another fact has to be kept in 
view. In real conditions friction on another object 
nrtivcr lakes place on ideally clean surfaces. Besides 
atmospheric conditions with varying degrees of moisture 
andchenucal agents, phvsicaJ a^nis constantly intrude 
themselves between the tool and subject of worki dust, 
fat and sweat excretions from the hand, quartz gmins 
and other hard particles, which in an unnoticed way act 
as abrasives. Even in the forraaiion of polished surfaces 
by friction due to very slight specific pressures (for 
example, the pressure of a stone knife on the llcsh in 
cutting up an animal, or in the palm or fingers of the 
hand pressing the tool) thse particles constitute supple¬ 
mentary (inEerfnodiaie) agents of destmclion. strength¬ 
ening the process of dispersion of the particles and 
altci^tion of the surface. 

Strictly speaking, all aspects of wear on a tool can be 
reduced to a twofold change: the tool is altered in shape 
und reduced in volume. These alterations take place 
predominantly on the working pan (butt, toothy edge, 
blade, point). The non-working pan sulTcrs very slight 
wear except in those pans which were gripp<^ with the 
hand or the handle, which caused some friciion. 

The most widespread mark on stone tools, which is 
noticeable before all others, is rubbing or. os it is 
usually called, polishing. On knives a gloss as a rule 
extends along the bbde-edge, reaching from the edge of 
the blade inwards on to one or both facts depending on 
ihc natureof the work. The width of the polished part on 
the knife blade usually depends on the angle made by 
the blade to the tTe;*ted object as well us on iis phy-sical 
proper!tes. Naiurally in a soft material the cutting 
Instrument penctrJles deeper and traces of work arc 
more widely spread over the working purl. With burins, 
borers and pointed knives gloss caused by use is found 
on the points, precisely because ihis part met the greaiesi 
resistance from the worked object. 

Besides the places mentioned, gloss from use is found 
on a wide range of angles, points, edges and projections 
which were used in one or another way in the work. 

No kss an important mark of work is the shape of the 
pILshed area. Generally the lustre caused by use dims 
and weakens gradually towards its periphery and finally 
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vanishes altogether. This fact is evidence of the direct 
pan played by the live human hand, and shows ihc 
vibration of this resilient limb during the course of the 
work. 

In studying gloss due to work it is imprlant to note 
the nature of the retouch facets on the working part of 
the tool. The concavity of the facet is usually also 
plished from close contact with the worked object if 
this was of plastic ECXEure (mrat, skin, soft plant 
fibres). 

However hard the stone, traces of rubbing by the 
hand were usually left on it. if the tool was used without 
a handle. Friction of Hint against the skin, particularly 
when dusty and covered with sandy particles, gradually 
polished the stone surface. The gloss on flint produced 
in this way is different from other forms of plishing 
produced by friction with an object m work; its edges 
lack definition. A medium lustre here becomes weak and 
vague, which sometimes is reminisoent of gloss from use 
by a tool on a soft maicrial, for example, in the cutting 
of meat. The shine extends noi only over the projecting 
points, being quite strong on ridg?es and angles, but also 
into cavit ics, where it weakens. 

In the majority of cases this type of rubbing is 
recognizable by careful analysis. Areas of strong gloss 
due to this are distributed around the flint, covering 
several facets which commonly indicate the method of 
grasping the implements Moreover, this gloss usLially 
occurs on that half of the irnplnmieni w hich could only 
exceptionally hav^ been the working part of the took 
since the sharp edges have been blunted with steep re¬ 
touch or removed by a burin blow. The txiensivencss 
of this glossed part confirms that it served as the 
handle. 

Strlation traces arc rarely found on the handle part of 
the tool and, an importnni point, they do not have a 
definite ortcnifltion where they occur. 

Traces of use in the form of lustre, or polishing, of 
dilTereni inEensity, produced as a result of frietton 
eigainsl i™ai+ skin, wc>od, bone, an Her and the hand^ 
are characEcristic not only of Hint but of tools of other 
minerals of the quarts group (agntc^ chalcedony, jasper, 
hornstone and others). 

In some inSEances when the tool has been used on 
hard materials the traces of wear have the appearance of 
duil patches that look ground. On fiini saws for sawing 
sione or hard snail shells, on the working ends of horers 
for boring in the sirnie matcriaL and on burins for work¬ 
ing bone, traces of wear in the form of grinding ca n oficn 
be seen. The appearance of such traces on the end of a 
burin indicate the great physical force concentrated in a 
small area of the working part of this tool. 

Traces of use in Ehc form of grinding are the most 
charocterLsEic peculiarity of wear on obsidian tools. A 
gEassy shine is the natural lustre of obsidian, but by 
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friclion in the prwcsi of work iis surface becomes dull 
and even rough lo (he louch. This chanicieristic is due 
to the cxccpiional brittleness of the inincrdl. Under the 
action of rolling by water and weathering obsidian also 
loses its natural glassy shine, and forms a dark grty 
porous crusi recalling pumKCr The altera lions on the 
surface of obsidian therefore arc quite the opposite 
to what we have seen in tools of flint and kindred 
rocks. 

Obsidian fools, which are softer and have glassy shine 
on fnictured surfaces^ netain traces of work carried onl 
for even a short time. So obsidian, is in a rciiJ sense a 
rewarding material for rritcr<Mnalysis. if it occurs in an 
undisturbed level. 

Grinding and polishing are not the only traces of wear 
on Slone looh due to surface attrition^ for iliere arc also 
striations. Use on hard and very unyielding material, 
for esampte stonc+ creates such traces which are usually 
sharp and can someiimcs be detected even with the 
unuided eye. When the lools have been used on bone, 
wood and skin the presence of stria lions in the majority 
of cases can only be established with ihc help of magnify¬ 
ing devices. 

TIte formaiion of stria lions as scratches, lines, 
grooves and furrows on tools of such a hard stone as 
flint, when used on softer materials, takes pinoe because 
of the accidental introduction into the pores of ilie 
worked material and on the took themselves of small 
sand grains, the presence of which, particularly in the 


conditions of primitive lechmqucs of production, can be 
readily understood. 

The clarity and intelhglbihiy of striatioxis depend 
greatly on the character of the surface of the tool, its 
materia I composition and its degree of wearability. The 
striation lines are best seen and the direction of movc- 
iTLcni of the tool most clear on smooth level surfaces of 
chalk flint, even when the use has been of short duration, 
but homsione, Jasper, agaie« chalcedony, quartz and 
other rocks with a smooth, glassy fracture, afw retain 
siriation traces on their surface very well. On a limestone 
flint with its rough and uneven fracture-surface, gnmulsr 
volcanic rocks, quartzites, sandsiones and cherts She 
striationsemei^ much less clearly. 

On retouched Him tools where the surface is broken 
by wavy rises sEriations can scarcely be dctccEed, except 
for glimpses on small areas ihat proJecE up between the 
edges of the rcEOUch scars. Heavily worn bladc-edgrs^ 
blunted and polished lo u shine, as, for example, on 
sickles. ofEcn have clear striaiions even on a retouched 
edge In general the amount of wear on live working part 
of the tool influences the sEjength with which the 
siriations are manifesEed, Gnmular rocks like granite, 
diabases and dioriie become smoothed by prolonged 
wear, and the smoothed parts show the striations wel]. 
As already noted, on an obsidian surface so long as ii 
retains iis'gltissincss Ehc striaiions show w-ell. 

runher use leads by attrition to a mai surface where 
I he striaiions lose iheir earlier clear definiiion. 


3. Traces of work on bone tools and artefacts 


In the economic aeiivity of rrian in pre-metal limes, 
together with stone, a remarkably important part was 
played by bone as a material for tools, weapons, o-ma- 
ments and in the manufactufc of o-bjecls of reprewnta- 
tional art. As opposed lo stone the amount of study on 
bone has been very much (ess, and in particular in the 
palaeolithic field has been alto^ther weaker. The 
ciKplanation of this h to be sought in the special character 
of bone. The methods of manufacture of stone tools— 
percussion, flaking, retouch and later grinding- 
required profound alterations of the natural form of 
material between obtaining the raw material and corn- 
pleting the work. Sione in an unworked or slightly 
w’orked form played a very minor part in I he economy 
and was altogether a subsidiary maltcn 

tionc as □ special material cfeoted by natural life and 


easily used by man for technical and domestic purposes 
requ W no elaborate irealmcni and ^ employed after 
partial dtesing, or only slight alteration^ or without any 
treatment at all. Pointed parts of antler^ mammoth tusk 
or canine leeih are the natural tools of animals: the rod- 
likc structure of ribs and long bones wiih their natural 
handles fihe cpiphv^ in the latter case): the narrow 
section and sirengih of bones of small animals and 
birds; the cup-shape of skulls and pelvic bones of large 
mammals—all these considerably reduced human labour 
in shaping tools and objects for everyday use. So man 
was confronted with a wide choice of ready-made 
shapes from all the wide anatomical ning^ of skeklal 
material from different species and individuals of 
djflcreni ages m ihc an trial kingdom that stirmundcd 
him. 


15 


KKEMISTOKIC ttCHKOLOCiY 


There arc npw grounds for believing Ihai bone hud a 
more varied application in munuractiiring by anokrni 
man than was formerly thought, not only throughouE 
ihe Slone Age. but later, before the predominance of 
metaJ had been achieved. 

The Stone Age might perhaps be called ihe Stone- 
Bone Age, for during this large period of lime sionc and 
bone were complcmenlary to one another. Slone 
possessed hordness, bone plasticity but also firmness. 
These two separate cssentEal qualities, hardness and 
plasticity, were brought together only in metals. 

Bone tools m the mass do not lend themselves easily 
to difTcrentiaiion and classihcation^ and, ofEcn un- 
recognized, pass outside the researcher's field of vision 
or arc put into the category of faunal remains. 

Observation on truces of use reveals that Stone Age 
man employed all the bones of Ihe slccleton of large 
animals and a good many from small ones. The bones 
can bo divided Into she following groups: (1) antJer, 
ivory, tusk or canine leeth, tceth^ and mandibles of 
carnivores wiEh their canines; (2J long bones: (3) ribs: 
(4l wide flat bones (pelvis^ shoulder^ skull); {5J short 
hones (falanges and other bones of the paws and feet of 
large mamnvals). 

TratK on bones and bone tools or objects revealing 
use by man cun be subdivided into five basic categories, 
as follows: 

(1) Traces of use on unworked or roughly shaped 
bones which yield eviderKe about the purpose of 
these bones in daily Eife. 

(2) TruGcs of wear on worked bone tools showing the 
function of the latter. 

i3j Traces on bones and bone ob)ecls repealing 
me E hods and devices of manufacUirc with sione 
loolSx and also the level of technology in this. 

(4) Cuts on bones made in cutting up the carcasses of 
animals and separating Ihe sinews, truces of blows 
given in splitting bones to get the marrow, and so 
on. 

15) Traces of use of metal tools. 

It should be remembtred that if the traces are suffici¬ 
ently well studied and deciphered they allow us not only 
lo ideniify a tool's function, but also throw fresh light 


4. Kinematics or working with the hand 


tN Ihe process of work man influemrcs eviernal nature 
not directly with his own limbs bm through the inter¬ 
mediary of tools. Tools differ radically from human 


on an aspect of the life of the people who used it. So in 
the light of precisely deftned function we can very ofien 
see the pars played m The Tool's manufacture by objects 
associated with it. 

In the study of traces on bone tools we must bear m 
mind the qualitiei and properties of bone structure. The 
smooth surface of the externai compact layer of bone 
has jis own special micro-relief or nucro-siructure. 
Fairly light scratches should stand out sharply against 
the background of this relief under a rnagniTying glass. 
On antlers of animuEs like deer and elk we have to deal 
with a much more rugged surface. 

The e3(tcmal compact layer of bone possesses a 
laminated structure and is composed of very line 
lamellae, which ure seen best in old dried-out bone. This 
second vety important structural characteiistic of bone 
allows us to Identify wear from the kind of attrition thal 
took placer The inner spongy matter showing through 
The compacE layer is also an obvious mark of wear, 
provided all possible interferen^x from natural causes 
have been taken into account. 

Besides this we have at our disposal one proof of 
wear by attriiion in the course of work. This is the 
aheration of the anatomical form of a bone, for each 
specie of animal has its own definite bone shapes. 

FinaUv. striation traces showing direction of move¬ 
ments conSDiuEe by far the most fmportant marks. Only 
in nrc eases when the surface is damaged or obliTcmEcd 
during the work are there no striaiions. On bone the 
frrcEion ofeven such a material as skin usually produces 
striations in the shape of slight scratches or even clearly 
visible channels that indicate the direclion of movement. 

On bone tools made by flaking or whittling trasres of 
wear can be defected, firstly by marks of alEcrations on 
the worked surface, which has its own features and 
relief^ and, secondly, by the degree of deformation of 
the artificially produced form, and thirdly by striation 
traces. 

On traces of wear from friction we need not linger, 
because this is the most widespread type and shows an 
endless gradation in degrees of use on tools. These 
traces are ibe principal means of Idcniifying difTereni 
striking tools, such as bone mattocks, picks and wedges. 


and the formation of striations on tools 


hmbSr In a technical sense ihc more an advance Ihe rnore 
really different are the physical properties of the material 
from which they are made from the organic maierEuI of 
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living nKitier, Thus noi wood and twnc, products of 
organic origin, but stone and meinl ^iii to be the most 
important rnaterials for the manuracturc of the leading 
and basic tools of work. With ttiols of these mater [a Es 
man could not only moresucccssrully influence e^iernal 
naiurc^ but also make other icjols. With wooden tools U 
would ha\'e been irnpossible to woiic noi only metal, 
stortc and bone but even wood itself. As regard stone 
tools, with ihcir help wood, bone sind sionc could be 
worked and even a start marfe with hunimcring metals: 
use of abrasion (grinding, sharpening) was uErcady 
known- By the use of metals the working of all materials 
found in nature was put within reach. 

Working tools are distinguished from Homan limbs 
not only by materia! hut also by their purpose. Hyman 
hands are universal]ly the same and their evolutionaiy 
origin is multi-fursctional- Tools were relaiivcly all¬ 
purpose only in the early stages^ for the origin of their 
dcvcfopmcnt is speciali?ation and the (enslcncy cowards 
a single function. This spocLuliaaiion achieved greater 
variety with each period of the history of manufacture- 
In this connexion there is yet one more very important 
tjualrtotive diiTcrenoc bciwccn working Eools and human 
limbs. Tlie latter differ from tools by therr strucEurc' in 
them only So a very small degree are there the inherem 
signs characteristic of regular geomelrical shapes and 
bodies. Tools by the naiurer of their work penetrate inlo 
other bodies, the objects of the work^ and sever them, 
change iheir original shapes, and have a definite 
lendeiKy lo adopt all the more regular geometric 
shapes, especially in their working part. 

All action of a tool on an object has as its purpose the 
alteration^ I he transformation of the latter into a fonn 
desired by man. Mechanical action, which our mam 
concern, leads lo a transformation of the natural form 
of the object, to an alteration of its external aspect h the 
division of the whoEe object into equal or unDquul parts, 
the separation of one or many small parts from the 
whole, that is fragmentation. 

Through the action of the tool on the object of work 
one kind or another of friction is created. By friction due 
10 the slipping or d^placemcnt of the working part of 
I he tool against the object of work striaiion traces are 
formed on the tool These are traces of the first order. 
They arise in the process of cutting, whitijing. sawings 
chapping, borings drilling, piercing, grooving, grinding. 
Only a fe^ kinds of action, such as blows or pressure, 
when the tool does not penetrate into ihc thickness of 
the object (shattering and flaking of stone, hammering 
of metal objects, stamping), which do not have ihe 
character of dragging or sliding, give traces of the 
second order (chip-marks, holes, roughening, dents). 

The disposilion of I races of the first ordcr^ to wtiieh as 
the most important marks wc give our main aLiemion^ 
is a regular one. I t is true that the human hand cannot in 


general be compared to the arm of contemporary metal- 
cutting machine-tools with their rigid grip. The hand 
produces several weak movements, relative to the work¬ 
ing posiiion of ihe tool and $hows to some extent a 
fle.iiblc grip even when a hahed tool with ks greater 
re liability is used. Movements of the tool in the hand 
are due not only to the weak grip but also to i^ertain 
tactile sensations which affect otar ivorking limbs and 
which give them such delicate movements. All thesame^ 
traces of work as a whole regularly reflect the kinematic 
action of the hand« and striations represent parts of the 
path of the too! in its movcmcni. 

Observation showA that the basic working processes 
carried out by man have their own kinematic character, 
for esampre, in order to make a hole four different 
methods are possible: punching, gouging* piercing* or 
boring. The choice of one of these to make the hole 
depends on a series of circumstances, but first of all on 
the mafcrial lo be perfoniEcd on the one hand and the 
maierial oF the lool on the other. Each method of work 
has iis own kinematic peculiarities reflected in the length 
of the fine of movement and its shape (straight or 
curved>. Esicntbl kmcmaiic dilTerences come into ihc 
work of s knife in whittling wood, or skinning nn 
animal or cutting up meal, or gutting finh and its 
cfcaning and filleting^ different pictures of the hand- 
movcmcnis, pf>sllions of point or blade on the worked 
object, arise in each case. 

The posiiion of the tool in relation to the objcoi of 
w'ork. the angle of inclination of its working part, is very 
important In the formation of iraces. It is essential to be 
abte to distinguish such matier^ when the kinematic 
difTcrunecs between the methods of work are s fight. Into 
this caicgory of movemeni falls work with ihc axe* adze 
vtnd hoc. Thanks to some individuality of position in the 
working part of the tool relative to the subject of work 
striation Traces from wear in the difTerent processes do 
emfirge w ith dislinct differences. The differences consist 
above nil in live special position of the lines of striatlon 
on the working surface of the tool. Each tool has its own 
disposition of striation lines on its working pan. The 
lines may run parallel or at right-angles to the axis of the 
instrument, or to its blade, or diagonally to cither axis 
or blade. They can go in one or severaE directions; that is 
they can run parallel or intersect* be straight or curved* 
confinuous or interrupted. Moreover they have varied 
frequencies and length, as well as other characteristics. 

Traces of work on coniemponiry metal tools (knives, 
axe.s. chisels, wedges, saws, needles, awts, razors, 
cuitcrs* scissors and so on) give a clearer kinematic 
picture thanks to the plasticity* density and opaqueness 
of mcial* and also lo the geomelfEcally regular form and 
smoothness of the working surface. 

On ancient stone and bone tools tn which shapes are 
less deliniie, hardness variable and surfaces rough* 
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siriation ir^Qc^ may be feebly reiaiiied anddesiroyed by 
ihe work. This is cspecklly so wUh retouched surfaces of 
nim tools. In a number or cases ihe kineniauc picture 
always remains vague because the Lines are weakly 
retained and Etiose visible give only the shape of the 
trajectory (pan of the Tool's movement) wiihout informa¬ 
tion about the dincciion of the working movemer^i. 
For example, stria! ion ir^tces of sawing may not sFtow 
whether this was done in both direcEions. In such cases 
the character of the wear on ihe surface is a suppie- 
mentary indti:ation. The surface of a stone tool usually 
bears holEows tflnkc facets and holes) and projections 
(retouch arrises, various inipuriiics and crystal graiits) 
visible under a magnifying glass. 

The topFii surface wear is indicated by micro-plastic 
changes on the edges of the holfoivs and sides of the 
projections from which we may assess the di reel ion of 
rnovcmenlT for it is precisely the projecting parts which 
arc the points on the surface that suffer wear primarily 
due to friction on the worked material. 

IHK POINT r>R Lct US tum to the simples! kind 

of work^ pjercir^g with a pointed tool. Independent of 
the type of material worked on and the sharpness of the 
tool, ils working part is worn by friction ugainSE the 
maEerial into which it is thrust, tf 'rhe pienitij^ is ihne 
siraisfhf prcssurir of the nH^fiaxiai apprtiQch} the traces of 
H'rtjr arisinx ff^ortj the ftmveinem wift he straixhf fines 
paraifei ftt the axis af the tiwi. Deviations from This 
direction wilt show ilTemselvesin the disposition of tines 
on the pdinL 

In practice piercing Is not done by scmight pressure 
but IS accompanied by lums of the hand to right and left 
in a quarter or half circle, tn this case ihe point’s wear is 
influenced by two movements, a straight and a rotary 
one: traces on the point will reflect ihcse iwo forms of 
movement. Lines pantile] to the axis of the tool will be 
cut by lines going around it; that is at right-angles to its 
axis, if we think of ii in section. 

hxperimeEits in piercing haveshown a far from uniform 
clarity of siriation traces on mehil, bone and flint awls. 
While the point of the nvelal displayed all the peculiari- 
itcs of the movement^ on bone they were much less 
distinct and on Aim scarcely or cniirely impcreepiiblc. 
When the kincmoiic picture is not clear, us on flint 
awls, il is possible to study the traces by changes in the 
irrtgulaniics of the micro-re lief. The projections show 
polishing on Ihe side of the pinnt, the edge of the depres¬ 
sions on the [tide of the butt end- 

fHE DRILL. Ihercing with u quarter or scmi-circular 
roEailon is ihe beginning of drilling. Hence it is natural 
Id conclude that must have an the pari 

of the tiriil only me form of traces—eircahtr ihit's at 
rixiit-anghs to fts axis as a rexait (fthe use of one move- 
menf oftiy, ro fat tan. ‘Rcitary rao'^emenr may be regarded 
as a general kincitiudc definition of drilling. 


Drilling can be doiw by hand or with a machine and 
includes interrupted rotation in one direction I one- 
handed driliing removing the hand each Eimei, con¬ 
tinuous driEling with LLttcrnating direction (one handed 
withouE removing ihe handT two-handed rotaTion of the 
drill between the palms, drilling whh bow and disk drih), 
continuous drilling in one direction (brace and bit. drill 
with toothed gear-wheels, mechariical drill). £ach of 
ihese has its pocuhi^riiies ihai are reflected in the traces 
of wear. Hand drilling iis usually done with a conical 
stone drill, machine dfilling with a cylindrical one. In 
single-handed drilling a strong ccnErali^ed force cannoi 
be achieved, t^ause the human hand is only capable of a 
scmE-drcular or almost three-quarter circular movement 
in a ruTaiional direction. Jn order lo make a full turn 
Ehe hand has to be taken off the drilL change ils position 
and make another half or ihree-quaner turn (snierrupied 
rolation). This explains why one-handed drilliiig is 
nearly always done by aEternaling the direction of 
roiatron I left to righE and back again), as ihis is the only 
way of increasing the speed of moverneni. But in 
neither method, xiLtcmating or continuDus, can one- 
handed drilling maintain a strong centralized roEation. 
The axis of Ehe lool kans one way or another from the 
jerks of ihe hand. This is particularly evident with the 
ahemating method. As a result a hole produced in this 
way is irregular in ouilinc and has a greaier diameter 
than the width of The drill. The wear sErialions do not 
lie parallel to one anoEher, neither on the drill, nor on 
the sides cfThe drilled hole. 

Two-handed drilling, doE^e with uonEinuous aJiernat- 
ing rotation betw^n the palms, gives greater speed to 
the inovcmeni. The hole product by this has much 
more regular outlines. However^ the axis of the drill 
with ils long pivoE also leans to one side during roiation. 
So the stria lion marks are not parallel on cither the drill 
or the sides of the hole. 

Traces of dnlling wiEh bow drill reveal a bcEEcr stan¬ 
dard of Work: a hole produced in this way ts regularly 
circular. Traces of drilling appear on the side of the hole 
as almost parallel circles corresponding to the traces of 
wear on ihc drilL 

The regularity of formation of traces that has been 
mentioned is dependent not onlv on the means of drilling 
but also on the properties of the worked material. The 
softer Ehe material ihe greoEcr devfalion in the shape of 
the hole and the less parullcl Ihc sirialions tic, and 
conversely the harder the material The less the deviatioti- 

Flint drills, however hard, are brilllc tools, and easily 
break from sharp turns and by leaning from the axis of 
rotation. So the slant that ari.'ies in hand drilling is only 
possible in the first phase.s of drilling, before the instru¬ 
ment deeply penetraies the nuterial. Onix: it has 
pcneirated, sharp turns on a leaning drill will easily 
break it. In a soft, yielding maierial like wood some 
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vatiiit^on ill le%'el rotaTEQn is quite po^iblc^ but in a 
hHfticr muterial like bone deviation is more limited. 
Wiih stone it h almost excluded or only slightly possibie, 
so striation traces on stone drills, used for working on 
stone; bav^Q more regular geometric outlines. The mk 
just described tells lls why bone and stone objects were 
driticd rrom both sides. 

Stiiatjon traces from wrar emerge fairly clearly on 
stone drills used tor drilling ston^:, but with snail shells 
and bone the picture is less ckar^ and with wood they 
can only be detected with great difliccliy. On the drill's 
working end only a vague gloss can be seen, study of 
which can rc\'cal the direction of niovemenl- If the drill 
was rotated from left to right, then projections will be 
more inrensivcly worn ipolishedS on the right side, and 
the edge of the depressions on the left. If it was alter¬ 
nating rota I ion, then the sides of the projections and 
ed lies of the depressions will be worn unifomilv left and 
right. 

THE SAw^ Dividing a whole object into parts along a 
straight line by alternate iwo-wuy movement (backwards 
and forwards! is commonly caNed sawing. The working 
part of the tool used for such work, the saw, is a flat 
blade. In the Stone Age from the palaeolithic period 
onwards hakes of flinty chalcedony* quartiiieor obsidian 
with a toothed (retouched) edge sened this purpcKc, 
and generally were used for sc%'ering bones into pieces by 
transverse cutting. In ncolLihie times they began to use 
laminated slate or sandstone saws for dividing stone. 

Striaiion traces of sawing on jawing tcK>ls fully reflect 
the hand raovenicms. TV^iCf-ir of mw'inif in fIk farm of 
,'Kfrai^ht seraichc^ are ah ays disposal on ihe side snrfiices 
of ihe totd paraik-l fo Its On the toothed 

part of ihc blade they arc interrupted, but higher up 
more or less continuous, depending on the straightness 
of the saw and on the properties of the ntateriah of 
which il is made. So long as the saw js at right-angles to 
the surface being worked the sirinUons from ieear m/i hr 
tefl rndfarmiy' an hoih its faces r 

Traces of wear on the toothed edge due to a iwo-wny 
aliernating movemcni, provided there is uniform pres- 
sure both backward and forward, differ essentially from 
traces produced by oi>e^way sawing. In the feriner the 
(eeth or projecting edges of the faceis, if the blade is 
only rciouched, will suffer attrition from both sides, in 
the latter from one side only. This difference will show 
itself in the micro-topography of the side surfaces 
within the EOOlhed area. It shows itself in a different way 
by the slight wear of the holes (hollows! and attrition of 
p'rotubcnirtoes on the side surfaces in a stone saw. In tna- 
way sanin^ fhr of the htdlows ore sitghflv warn and 
fhe profecthms worn down ffotn hoik sides, in one-woy 
sawiny from tmc side (for r.xomple^ die frinif side of ific 
prajecdoa and dte hack et^e of the hotlow if fhr 
sawiny is dime Itt a forward illrecfionj. 


Traces of work on both faces of a saw show up as a 
more or less even band running along the whole length 
or the best part of it. On a flint saw used on bone this 
band has a polished or vaguely dull surfaecH on obsidian 
also dull, in flint saws for cutting stone also a dull 
shade. The peculiarities of tnices on a saw face are 
dependent on form and material boih of tbe^w and ihc 
sawn material- 

rill^ KEAiMNo Kh'liE (sicktc!. Amongst the tools on 
which traces of use also occur us striations parallel to the 
blade-edge and on both faces we may place ihe earliest 
sickles, Surviving in the form of flint reaping knives, 
which occur as slightly trimmed prismatic bbdelcts. 
They may be discingMi^ed from saws by the fact that 
the w-oni part orien has a different shape. The wear 
tra«s do not form an even pattern on the side, but 
instead are shaped like a triangle, one side of which is 
made by the culling edge^ while the hafied end, being 
embedd^ in the handle, remained unatTectedr 
The wear pattern on the surface of a reaping knife 
depends on its position in the handle. If the knife was 
set in a sbntwi^ slot its end would suffer more intensive 
wear^ as in thisca.se the position of the knife is analogous 
to that of a tooth in the saw as rt cuts deeply into the 
bundle of stalks pArssed against ft by^ the left hand. On 
the other hand, if the knife lies paralSel to the handle set 
in a longitudinal groove, then the wear is distributed 
rather more evenly along the whole length of its blade. 
Just the same happens with composite sickles made up 
of a series of Inscncd fUnts. The micro-pliisiic features of 
the traces of w'orfc ort a flint reaping knife or inserted 
flint of a sickle are of just that general disposition which 
so dearly ilSuscrates the hand mo^^ment, one-^way 
return nK>venwnt (Towards himself as opposed to the 
sawing movements which arc iwo-way altcmatingH or 
repeated forward movcmcni ('from hfmselD, On the 
biode of a rrapiny knife and sick Ic alt ihc projcciipy poims 
are Mc?rii on one side^ itmf/«the operator. The wear at 
the edycs of ihc hollows of these imds Is also skorper on 
ane side, not that fociny Ike operator hat on ihe timtrary 
that nway from him, 

THE Di.'FiN. Incising comprises a rery wide range of 
operations, but here the word burin is undcrstCK>d in the 
narrow sense applied to a tool whose incising part (edge 
or angle) has a very small area and whose axis is 
vertical or almost vertical to surface being incised. The 
angle of the a.>iis varies between ilO and W . The working 
part of a burin consisijs of a single saw toothy the culling 
edge of which cuts a groove in ihc material by repeated 
one-way t'on himselfT mo^'cmcnts gradually deepening 
the groove^ I t is the cutting edge of i hc tool w hich mainly 
suffers wear, but due to its small area and the brittleness 
of the Slone strlation traces can hardly be detected there. 
Sit the evidence of the line of oumnnent tf a hurat Is rtof 
smafhns on the point bni on ihe side eilyes. They 
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f?rr vixihic iws paralltf ie ihe cnnw^ phm^ bi^t ai 
io tbt hunn^'i sutij. 

THt KNii £. Thc cuiting^up of skin 

in thc pal:icolitfiLc period wjs m alt probability done 
with a flint knife whose working part was similar to that 
of Ihe knife found fixed in u. handle at Malia iSiberia)- 
Ftom the hnfting of the blade we can judge thc angle of 
inclination to the working surface at which It was hcld- 
Originally a returning movcmenl (*on himself') was 
evidently normal with the palacoUihje dressing knitc, 
but with the creation of a handle and thc application of 
greater force the rrove:r[icni altered into a forward ofsc 
(' from himself I. In this way (forward movemcnl) tlw 
work was done with the neolithic clbow-^ihaped knife, 
knuwn to us frorn norUiorn sites^ and so also in the 
conEcmporary- use of thc cobbler's knife. Thc expediency 
of this method can be e^pbinedp not only by thc possi¬ 
bility of apply I ng great force, but also hy the circunv 
stauoc thui in the forward movement one can see thc 
proposed line of cut and more closely guide thc blade of 
the knife along it. ITiiis the movenoeni in skin-cutting is 
still a mrovcmcni in one direction. 

Traces of wear on the working part of a skm-drcssJng 
knife^ as with a burin, arc found on both side surfaces, 
not ai an angle of 80 -90 bu i of 45 -90 , for the a ogle of 
inclination of the axis of the knife to the cutting surface 
depends on the shape of the cutting part-^ 

THE will IT L ENti Work w'llh Ihis knife gives 

rise to wear on one side of thc blade only. This is 
produced at a working angle of 25 -35 to itie worked 
face, and as a reswlt the sFde of ihc knife facing the 
object suffers attrition^ but the opposite face only suiters 
wear from parings. The greater ihe angle of the cutting 
edge the smaUcf the paring is^ and conversely a reduction 
of thLs angle gives a larger paring. In stone whitiling 
knives the blade-edge angle averages 35-40\p but in 
metal ones 12' ]3‘. From this it follows ihat thc back 
face of a metal knife suffers more intensive wear iban 
thc back face of a stone whiiiling knife, because ihc 
thicker paring in the former ease causes more wear on its 
back face. A thin paring curls up into a circle or spiral 
hardly touching the knife's back face. 

Whittling of wood or bone w-nh a knife can be done in 
tw 0 wavSn In the first thc working movement is back¬ 
wards {Howards himself) and in the second forwards 
fawny from himself'l. One can whiEilc wiih both 
methods wiih a meihl single-btadcd knife with low edge 
angle and without edge raceis, that is both Howards 
himscirand "away from himself . With a neolithic one¬ 
sided whiEilmg knife which always has a facet cm one 
edge one can only whittle in one kind of way, arising 
from the fact ihui the edge with facet cannm. as a rule be 


placed downwards on the materrialf but has to iie face 
upward. So for whittling in bath ways the neoliihic 
craftsman had to have two singte-edged knives with 
blades on opposite sides: looking from the bun end the 
facet edge was on the right on one^ on the left on the 
olbcr. 

In palaeolithic two-edged knives^ made on quad¬ 
rangular prismatic blades, it would hove been possible 
to use each of the edges for whittling by both mean!4. 
Yet palaeolithic man rarely used both edges for whitt¬ 
ling; most commonly he blunted thc second edge with 
retouch or look It olT wiih a burjn blow^ for resting his 
finger on, and worked wjih one edge, 

frtimttf H^ur uft knfv^'-s.as afnniiiyexphineff, 

tH'fiir otic jiVc tif hhdir. The A'irfutioMx fifUf 

srrpiiit/^x itnd Tim's} are mmertfunrs ai to the 

wrtfkir^ hat mtfre inclitieii uwanh 

ihe Hvrkin^ rntUifihe cauxed hy the pressure of the 

htinimi hiOfik n hfch poshes the in O pflm/ief Jireetti^O 

to the Tehitfliryf st/rfaee. In a number of cases I here are 
even distinct lines pumtlel lo the bbde-edgcK due to the 
fact that a whittling knife with a blunt edge is used in a 
suwdike movement on wood or bone iit order to make ii 
cusier to peueiraie the material. The 5ai unfaceted side 
was used for whittling with a neoliihic knife, but with a 
palaeolithic knife the ventral side of ihe blade was 
normally the working side, as the facet closely limiied the 
working edge on top^ If the working edge of u whittling 
knife has undergone slight retouch^ the latter is on 
the dorsal side and not on the under side^ as retouch 
mokes the working edge loo rough* increasing its resist¬ 
ance to the material worked. During use the blade of 
the whiltlmg knife may be chipped^ shown by tiny scats 
on Ihe under face, huit these arc unevenly distrihuEcd 
nnd so cannot be regarded as Intentional retouch. 

A HEAT KNtFE IS disilnguishcd by more complicated 
kinematic charactensiii;:s. It was used by the hunter for 
culling up the carcasses of gutne* cutting Ihe skin free, 
and cutting incal while eating. Tlie movement of this 
knife and functions are much more varied Uian with 
other knives. The resistani materials of ihe animafs 
body, consisiing of eloslic fibres of skin, nuiscles* liga¬ 
ments and cartiLuge, which bend and stretch under thc 
pressure of the knife, naturtilly could not be severed at 
orur particular angle, so there was nut ora: but scleral cut¬ 
ting planes. At ilie momeni of culting open IheanEmars 
belly the knife mo^cmcni could have been down and 
forward (ripping)^ when the axis of the tool would be 
inciined, or in.vicad pr^essing upwards with a saw motion* 
just its a modern kiiehim knife is used on meal. In cutting 
free and removing skin from the carcass and m disment^ 
bcrriTent and removuJ of the intestines thc knife was 
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con^plciely bunetl in ilic body or the and 

in contact wiih at all points on ii!^ surface. Conse¬ 
quently the working end of the hunter s knife is 
burnished and poHshed on all sfdei^. the rnoft! so if it is 
pojnicd at The end (a point). 

Research has reveakd that in cutting meat palaeo- 
jithieman did not use just the knives, which w-e c£tn call 
hunting' knives, that is bluru-endcd or pointed knives, 
made from fairly long prismatic bUiiies. In evervday 
practice he very ofsen also used knives made of short 
biade^p or even flakes, held between ihc thumb and iirst 
two fingers. The index linger pressed from a bow on the 
hack, which was worked by retouch or a hurin blow. 

Trareir of ucifr uw twai fffoom^hv\ rti 

on diff/i faroj^ hnl izho nifhm ffv /lake ycarj ofnJl 
ftu/Afin j. Biriations from wear on a nteat knife only arose 
if some exlmncous abrasive particles fell on the meat 
fquarts, felspar, liinc,^etc.|, Oa knuirs thoihadh^i^ uxr os 

H?rot k/fht-s lirio/iofts httvt^ fovtFtiithf poifxfredort'oi iind 
lYtv ofu'o ohm.u parafiei (ft rkf hlaiie-e^e {tn ftofh 
Ticivi, fft catfwumfy ifiey mliTierJ* rtodcrnhiir on 

iht of ^vrhr.r. 

TH t AX tin use has a very marked linear form of nnove- 
ment which is therefore very well defined by strimions 
Seen sideways the axe’s irajcctory is curved ^ hut from 
the front it is sTraighL At ihc moment of striking an 
object its axis is not vertical but inclined to 50~ 60 . 
Consequently its blade (parallel to the handle in an axc) 
h inclined at a similar angle to Ihe sinking surface. 
STrt(itio/t rrorts on on OrXf mo ifii^omdiy oud 

occur Nitiforofty on h<nh focci, 

THE Am%: is a ctJiting IcK^i very similar tu the axe in 
kinemmic characteristics. Socn sideways ihc trajectory 
of an adze hardly d lifers from that of an axe^ and in front 
view' II IS also straighs. Even in its shiipe the neolithic 
adze strongly recalis an axe, dilTcring only in its profile, 
where Ehc working edge is asymmelricul, although this 
is not an absolute rule, for adzes with symmetrical 
profiles are li1so encountered. 1 towever, in its method of 
scaling in the hi^ndk rile adze is sharply disEinguishcd 
from I he axe, j'or the bhide is at right-angles to the 
handle, which cau^s a different geometry of traces on 
the blade. B'Arfe tot on axe the .itriatinm /re dtaj^{tNalf\\ 
ikal fs tifitn io hi oAis^ on an ati^t they lie vrrffcafh , 

that ijf paraJkd lit die foot's axis. In aikf(fkin\ while on an 
axe traces of wear are disposed tmifortriiy on hodi fnccs 
{cheeks'^ of the \iofkir^ port^ on an adze they Mot^ ptnda- 
mentafh' fo tht farnont face, oithaoyh afpreduhly shorfcr 
striations and fechirr »feor ocrur on fts hoi k face^ 

THF HOE has constructional and kinernmic traits that 
are broadly similar to those of an axe and adze. Structur¬ 
ally live hoc is more analogous to ihe adze, also hafted 


with the blade at right-angles to the axis of the handle, 
TIte a.xis of a hoe or \\s dicing-blade Ues it 70 to 75 to 
the axis of the handle, but tiiKmiutiCiilly a luie is closer 
lo an a.\c. Tlic line of movemeivt of a hoc is curved^ seen 
sidewiiyst but from the from Indistinguishable from that 
of an nxe or adze. A hoc like an axe c;in fall venicahy or 
inchned at a fair angle, when rt k neccs^ry lo dig ground 
by side-blow^ with (he hoe's axis inclined ftrsi left and 
then right, Con.u-ifitentiyon the d[:*ytny hiodr tf rht^ hnr its- 
front facc^ which enciUimtrs fhc tnafn rcsistnnrc fntm ihc 
day yronnd hears strlations that Ifc at an anyie and not 
paraifet to fis axis and that inlerseci with each other, if 
the front face of the hoc is roFTiTA*, then the stria thns form 
tr fun sitapr, ond the (nfcryfetif^ Hnex are weakt^r. On the 
iktek Xitrfot C of a ink' trnCCx of Wear ore fcchfcr, a.f thr 
fcstMance of ihe yrotntd r.v Uss. 

The pccultarilies of ihc dispositiniv of the traces of 
wear on hpes have a range of v.i rfii I ions depending on ihe 
shape of the digging blade, force of live blow and con¬ 
sistency of ihe ground. >'et in spot of the discncpancics 
in the characterisitk trace;^ tlic most pcnruinem and 
Importuni runctipimJ criicria for a hoe arc wear on borh 
faces and intersection of the lines oti both Trout and rear 
faces of the digging bLidc. 

A SHOVE! differs radically from a hoc both siructumlH 
nud kmcmuiieallyr Shovching earth does noi require n 
blow' and presupposes work on sofi or loose soil by 
meatix of pushing or pressing. The working (tuning) 
prE of ihe shovel consists of a bbdc, whe^ shurpnexs 
depends on the material of which it is made. 

Metal ^hovels, of course, have a thinner edge ihnn 
wiXKicn Or artcient anlkr ^liov'cb^ like those frorii llte 
Gorbunovo peat bog. Ancient w^ocKlcn and antler 
shovels obviously were intended for use on very soft and 
loose soil Of snow, in working any kind of hard or 
heavy sod ihts was first braken up w ith picks, hoes or 
poiritcd sticks, and Novels were only used to thro*w ii 
up. 

A ffhoiiyh $ho\cf hlades Miffcred H'cxrr on Jrtjnl and hui k 
it nat the hack ftart that ctfCimnrcrcd the stro/iycr rc^ 
i'htanee. Striaiions aeear paratici fo the axis of hiade and 
hatidieu as the Une of iiHfvemeai of a shovei ni ihe nmnitnf 
it sank into ihe soit rc/nained siraiykt- 

Wc have lain before ihe reader stuwe basic and ^ery 
ckmentury examples of the dependence of striaiion 
aiiems of wear oti the kinematrcfi oF working wiih the 
and. Thrs dependence holds g<K>d for iooU of stone, 
iTonc, wood and metal of all periods, which hears witness 
to the fact that, while hasic hand icvols and their nvclhods 
of use change with changing quality, sirengih arrd 
methixls of manufacture, they alicr in re,sponse (o 
defiTiabIc laws of movement. 
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5. Optical devices and sources of light for studying the surface 
of archaeological materials 


Rese ^RCH Oh ihe surface of objects for iraccs of one or 
another human activity cohstiluies a special aspect of 
ihe rnierCH-arrnly^JSenipioycd: in Ehe study of Tunctions of 
ancient tools and artefacts- 

Initially this cahie dwn to the choice of optical 
instruments. Binocular optics with ihrcc-dimcnsroiial, 
slercographtc vision scented most suitable for this 
purpo^. Without doubt binocular lenses reduce the 
pckssibilitics of micfo-aualysis, for the powers of these 
Instruments are hmned: forc^^^^Tlpiepa binocular magni¬ 
fying gbss gives a magniiiCtition of - , binocubr 
microscope: 180 . However, all hough the magnification 
of binocubr lienscs is not great, I he limits seemed 
sudicicni in [he cariy stages and micro-analysis with 
them gave positive resulls. 

With rc^rd to simple magnifiers of one or several 
lenses enlarging from 2 - to 20 ■ in laboratory condi- 
riohs only a g^ass with magnifkaiion of 6-10 ■ proved 
useful r More powerful fshort-focusj lenses prciducc dis¬ 
comfort in the w'ork^ as they reduce the field of vision 
and give rise to cye-siniih. Experience in rtsjearch 
convinces one that the normal pocket lens is mainly 
useful for looking over and seli^ting material in the 
museum case, where it would be impraciicable to take 
mechanicsE optical devices, or for the archaeologist 
under IkM conditions. 

In a workroom for studying the tools in hand 
binocular lenses are essentiaU as well as a binocular 
rnicroscope, spccsally set up to study surfaces in relkcted 
light. As they give stereoscopic vision, they allow at 
comparatively small magiiilicaticms e-vamlnation of 
objects both in the flat and in depth, a clear view of 
surface changes, dcLcction of chip-marks, lines, scars 
and cracks, and comparison of worn and unworn parts 
of the surface. Monrover, through binocular lenses the 
object is not seen reversed as in the normal monocular 
microscope. Work with binocular lenses does not lire 
the vision, as the strain is shared by both eyes. 

The construction of cbmp-siands is very important in 
the use of bittocuEars in the laboratory when archaeo¬ 
logical maiennJ is studied. When using either a lens or a 
microscope a clamp-stand with straight vertical column 
and hcasy base is necessary, its horii^ontaJ bar movable 
up or down, backward and forw^and. and also around 
Ihc column in a circle or transversely. 

The fixing of optical instrumenLS in the necessary 
position is done by mea-ns of scrcw’-clamps on the sleeves 
with which the column and arm of the cbmp-siand are 
firmly held. A stand of such construction allows 


observution of the surface of large objects with the use 
of a small movnblc rest for [he ob)ec[, or wiih this held 
in the hands, as it is commonly necessary to do, 

Tlic binocular magnifier, owing to its large field of 
vision and good lighting, plays an important pirt in the 
prepara [ory study of the w hole surface of the lool in the 
Search for traces of use. In using binocular lenses, 
particularly those of small magnification, the object 
under examination can be held in ihe hand gfadually 
moving and turning ii aboui under Ehe len.^ and a 
directed ray of hgh[. This saviis a lot of time that would 
be lost in se[tfng up a circular rest and fixing the object 
to it. One should resort to the binocular microscope only 
when the tooJ^s surface has been carefully studied with 
the magnifying glass and deialled analysis is necessary of 
the traces of work that have been detected, their con- 
figuraifon and direction.* 

A rest with baU-joint is a crucial piece of etjuipment 
in microscopic research; without i[ the use of the micro¬ 
scope is impossible. At high magnifications even a slight 
jerk of the hands produces a sharp vibration of ihc 
image, A binged stand can be made by the investigator 
himself by using the ball-head of a camera tripod, A ball- 
joint allows the object to be inclined in all directions up 
to an angle of 90 and als® turned through a vertical 
axis. The main drawback with the ball-joint top of a 
aimcra tripod is the rough eonsiruclion of its screw 
damp, which produces sharp jerks during regulation 
and does not respond lo the delicate adjustment that 
microscopic precision ret^uires.* 

In cenain coses the qb^rvatious require the use of a 
monocular microscope, the majority of which arc 
mourned on sinnds designed for examining slides m a 
direct light. , . ,* Wiih ihc monocular microscope ihc 
investigator is interested above all in exploiting the 
possibilities which detailed examination olfers of very 
small areas at magnifications of 300 V to 500 > or more. 
For this purpose the bcsi instrunvmt is a monocular 
microscope which has had binocular eyepieces fitted^ In 
such a iTircroscoj:^? observaiion is made through one sci 
ofknscs, but both eyes look into a dual eyepiece. , . .* 

In pmcticc the most important part of nncrcnanalysis 
is hghiing. Modern microiicopy has a variely of illumina¬ 
tors or lamps for examining opaque objects through 
monocular microscopes at high magnifKations^ , - 
When ihe delicate structure of the micro-relief of a 
surface has to be ^[udied a one-way filumlnator is 
indispensable. 

In studying the surface of a stone tool with binoculars 


' 7 ^ 



I Alnvt. Binociiiar MBS-^ io 

flamp-iTand ami tamp, H-Uh iron^/arnrtr and otjM 
fljT rest. Metalh^raphic mkrtt- 

scape wtih ctatiem, tamp amt iranifarmcr. 


at relatively tow maigniliciitioii^ one can iti many ca-ses 
da without special lighting. A ntcdical lamp with metal 
hood and fleKible ^piniL joint allows the lamp to be 
adjusted to any position and regulati on of the amoont of 
side-light to meet retiuircmems. 

Special illuminators arc required for tools with weak 
traces of use when using the binocaJar microscope, h is 
necessary to resort to Ibe latter very often^ as traces of 
work on palaeolithic tools are in general elusive and 
difficult to recognise.* 

Independent of the source of IjgJii, that is of kinds of 
illuminators and lamps used^ the special devices for 
directing light arc of great importance in studying micro¬ 
scopic objects as well as in micro-phoiography. As 
explained abovct in pmetinre only diagonally reflected 
light can be used in studying tools and other archaeo¬ 
logical material. * , ,• 



23 







PKEIIISTURIC TECIlMOLUGY 


6. Preparation of the surface of objects under examination 


AN ancient artefact even afier being deLLned^ washed, 
liibelled and placed in store: still rerains on \is surfaec 
particles front the surroundings in which ii lay for 
thousands of years. Hscamined under binoculars, one can 
alwaj-s hnd loess, day, black soil, charcoal, ochre and 
niucb else from the cultural liiyer. 

Jn a gcKxl many cases these particles arc of great 
signibcance in identifying the purpose of the looh 
t^rhaps therefore it would he advisable in general not to 
wa;^ and clean lindson Ihee-^cavationsiie. bui lo do this 
in the laboratory nfEcr their prelirnEhary cxaininatian. 
However, in studying imees of work the tool must be 
free from e?ttraneoys matter, including lime concretion. 
The latter vet^- often covers pans of tools and objects of 
stone and bone with a hard emst. 

A hindrance to m.icrO'analysis is the later handling of 
tools by the archaeologist which commonly gives them a 
deceptive sheen resembling traces of use. Sweat and 
fatty citcretions of the hand mixed with dust leave a thin 
shiny filtn on the surface w'hich covers parts of the tool 
important for rescareh. So the surface mu^t be cleaned 
with spirit or benzine and washed in hot water with a 
light applicaiipn qf soap. Only then can optical observa¬ 
tions be carried out. ff the traces are clear and can be 
clearly recognized, so ihat the functional interpretation 
raises no doubt, study of the surface can be confined to 
examination without special prepratton, but such 
instances are not characierishc. Fat Elie most part the 
linear texture of traces docs not clearly emerge even in 
the binocular microscope, because of ihe transparency, 
iransluccncy or glassiness of the Hint: the light which 
passes through it takes the contrast out of the imager 
On a metallic surface, for example, the micro-relief 
Stands out more shnqiily under the binoculars than on 
hint, where it disappears, dissolving as it were. 

A naEural factor partially neutralizing the glossiness 
of flint und fadlitating study of the traces of work is 
pntinationp which increases the dchnilion. However, one 
cannot rely on patinalion alone to bring out the truces 
of work, especially if it is combined with a roughness of 
surface. 

Flint is a rock of fine-grained structure, which causes 
the dull colour of its surface in a fre^h fractune. If the 
Hint tool has parts polished to a mirror-like shine, then 
with iIk light at a certain angle it will be possible to 
detect \ery fine striaiions, and ideally a smooth suiface 
will give uninterrupted linear marks ilf the tool only had 
short use and did not accfuire a mirror-Like shine but 
only some degree of polishing or burnishing in working 
on a soft object, the striations will be very' difficult to 
detect. The traoes will show as short cuts and siand out 


as hollows that lose themselves against a background of 
small serinEillalions. To make them Intelligible it is 
necessary to neutralize I he hinfs translucency. 

In the study of traces on flint tools with an uneven 
Surface it is impossible to find one angle of light which 
brings oul the full picture^ examination requires 
conslanE adjustment of the binoculars and ball-jointed 
rest. The general picture is then?fore the sum of manv 
images given by the instrument at dilTcrent angles, This 
kind of analysis ri^scmbles study of the structure of 
crystals as done by petrographers with Federov's 
polarized microscope and. nest. 

Examination of the striations on Ehc mirrof-likc parts 
is practical withoul the use of light filters. Hy inclining 
the horizontal surface of the rest in different ways and 
changing the position of the sources of light there w ilt 
he a moment when ihe striations on ilw shiny sur¬ 
face will be visible if not wholly, then at least 
partially. 

Spectrographic analysis in study>iig traces on a shiny 
area should be used only if the more rational methods of 
observation are impessibk. Among the latler wc may 
include devices for preparing the surface of the objecss 
understudy. 

The transJucency of flint can be neutralized by dusting 
with magnesium powder, when the flint surface is 
covered a line layer of white dust—magnesium ootidc. 
However, quite apart from the disagreeable procedure of 
dusting in the flamie of burning magnesium, such a 
melhod does not always give satisfactory results. The 
micro-relief of the surface is covered by a iuyer of 
magnesium oxide, and the liner Ecxiure of Ihe iraces 
loses its sharpness or may vanish beneath iE. 

A simpler method than magnesium dusting for 
reducing transluofncy Js to treat the parts being sEudied 
with a eoJorizer. For this purpose black finely ground 
Indian ink is to some extent suitable. After careful 
washing the working piiri of the tool is covered by a 
solution of Indian ink. The film of ink must cover the 
flint surface evenly and with rnaximUETi thinness, within 
the limits of tenihs of a micron. It partially holds back 
the rays of light and allows a beiler vision of the micro- 
relief and wear traces under Ihe binoculars. 

The advantage of Indian ink over other opfique pig¬ 
ments Iks in the fuel that it can be easily washed off the 
flint's surface. All that is needed ts a small operation 
with an art Is!'s pa ini-brush to produce a surracc suilnbk 
for research. The necessity for careful washing with hot 
water and soap goes without saying, as ihe Indian ink 
will not lie evenly but collcCE in patches Lifter spirit and 
benzine have been used on Ehe surface. However^ no 
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formuJa for cancenirdtion can be givco bcfordi^nd: It 
can be left iti the siudcnt to observe and Judge for 
himself on the concenuatioa of ihe solution and the even¬ 
ness of ihe lilm, and reach the desired effect by experi¬ 
ence. The use of Indian ink jmpro^^ optical analysis: 
streakSp lines and scratches will come out more clearly^ 
traces that do not appear Jn normal conditions will 
emerge. The rnicro-topography of the surface becomes 
more accessible to our view« 

The use of Indian ink for the purposes mentioiicd 


slmplifijcs ncscarch on ancient s^one tools, but It has a 
negative side. Ink is almost impossible to Jay al iJve same 
time very thinly and in an even lay^r, filling up Ihe 
irregu lari lies of the mfcro-relicrp il covers them over and 
collecLs in palches- Jn studying the small pan of an 
object it is necessary to wash off the ink fnequenily and 
apply another slip. 

Jn practice the best results have been obtained by 
using chemkaf coloiizcrs^ cspcciaUy methyl viokt. 
which will in some measure chemically react with the 
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paiiiiQ on film. A weak soluiion of n>ethyl viokt dabbe^l 
on fhe flini surface with a painJ btmh can bring out very 
minijie striaiions. After the colour soluiion hns dried 
out it has lo be ^ ipcd o^^er v^ith a clolh or rag of thin 
soft material^ for exampk canvbriCr 

Colouring with methi l violet is an eifective way of 
studying objects of unpaiinatcd flint and other rocks- In 
addition the surface under e^iam [nation can be subjected 
to meUiltization with the aid of a vacuum machine (with 


7. Photography of traces of wear 


t s ihc workroom ei^ptional in>poirtance is attached id 
the graphic presentatLon of the results and evidenoe of 
archaeological researches. Archaeologists hav^ not yet 
introduced into iheir general practice att those means of 
establhthing and documenting evidence which contem- 
porary technii^nes place at their disposal. 7liis is 
particularly the case in micro-phoiography, stereo- 
photography and micro-stereophotography which have 
been in use for some fime in of her spheres of knowledge. 

Micro-photography now- possesses its own methods 
and technic^ucs and const itules n regular branch of 
au.\if[aiy- science.^ Without it laboratorv^ researches 
could not be undertaken in btologj', medicine, miiwni' 
logy, petrography, metallurgy and other branches of 
science * Mkro-photography should not be confused 
with micro-tracing- llie latter is a bborious process 
re^juiring special skill and a markedly more elaborate 
method of documentation. 

Taking micro-photographs in workroom archaeology 
for studying traces of work on ancient tools and artebets 
has its own special r«(uirements. 

Undoubiedly in bboratoty researches by archneo- 
logjsis there is a place for the study of slides of diflerent 
vegetable and unimaJ remains, and also slides of stone, 
pottery and metal objects. Such w ork is gradually begin¬ 
ning to win a pbee for iiself in archaeology. Bui here we 
have a praciicsc already established in other sciences 
with its methods fully worked out - Research on traces of 
human aciivjiy on working tcx^ls is to a large csicnt a 
new- tlcld both in methods of observation ns well as in 
doeumentution. Mkro-photogruphy of traces of work, 
which an* thnec-dimensionuL eiKOuniers greaterdifricul- 
ties as the need for greater magnification grows. It is 


silver^ chrome^ copper etc.), or silverized by applying a 
solution of silver jiiimie. A very line layer of silver 
completely chminaics ihc iranslucency of flint and gives 
definition"to details of the micro-relief on parts of the 
suiTbcc not covered by silver (fig. 2.1 and 2). 

Bone tools ittay also be coloured by Indian ink or 
methyl violet in weak solutions, if the surface of the 
working part is suflrcienily well preserved, and especially 
if it has been polished by use. 


true ihfli this applies lo all micro-photographic work, 
but with traces of use low limits of magnifiKiiion are a 
more llmiiing facior than with flat objects. 

Any urchacologEst can carry out macro- and micros 
photography with smaibmodcL mirror cameras (' EKact\ 
^f*rakiiflex\ *Zcnit' and others) whh short focal lenses 
(I : f- 50 mm.) with the use of one accessory^ a 

supplementary^ tube- The la tier Js placed between the ex¬ 
posure charntw and the tens and acts as an extension to 
the camera bellows- The limits of magnifkation with a 
small camera with suppicmeniary tube are not large 
(2 « to 10- k but the prims can be enlarged up to H ■ to 
30 > , given a perfectly adjusical camera and enlarging 
appaiutus. 

The essential value of usings small camera with tube 
is that this simple device can be employed not only in the 
Laboratory but on the excavation site, where the 
necessity to record various details of ilw object directly 
in the cuEtuml layer, and even of (he layer itself, may 
arise. The small camera, moreover, makes it possible to 
take pictures of objects as a whole or even groups of 
objects, if the number of rings in the tube is reduced, or 
if ft is taken out akogether.* 

In all major work when microscopic documentation 
goes band in hand with micro-analysis appaniius of 
more compEicaicd type is required- In this case it is 
micro-phorograpbic cyepicce nliachmcnts and universal 
nucro-photographic stands that nte the two most suit¬ 
able pieces of cciuipmcni .* 

In all photography, including micro-photography, 
lighting plays a crucial pan. We have already described 
the lumps used in mKno-anals-sis of traces of work and 
ihcir nteihodis of use. The same tamps are suitable for 
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niicrcv-ptsotogrnphy. Wu should note thai in the nuH^ro- 
uualysis of truces of work bmps can be used with or 
wiihoui flUerSr* Ls^icniiutly shori-was'c radiation is 
pnrferJhlc in the pmcifccof micrt>-anHJysis. because the 
dchning power of the lens is grtalcr ihc shorter the 
wavelength of the light falling on it. 

Therefore in micro-photography n>ethod& of w ork 
wJlh blue and violet light fillers have been in use for a 
long time, but recently ulira-saolet lamps havi: beeti 
iniroduccd permitting examination of a larger number 
of deiails on an object.^ 

In the photography of traces of use on stone and bone 
objects another important itiaucr bt;sidcs light filters is 
the proper preparation of the area being photographed. 
Just as in anafysis fhe coiourles^s iram^luccnt surface of 
Rim (and to die same cxicni the surface of bone) tools 
requires dusting with magnesium, or colouring with a 
mctallizer, or smearing with Indian ink. so as lo give 
definiErve light and bring oui the linear oudines of She 
t races. 

Tn field as in work-room archaeology sEcreophoto- 
graphy and micro-stcreophotography play an important 
part. 

In order lo get □ more or kss accuniic reproduction of 
an object on a negative using a single lens* besides the 
ffankly Ecchnical matEcrs (c.xposure» devclopnient and so 
onk one has to muintain the following conditions: 

(1) The oudincsof ihesubjecl must mecE the require- 
rnems of full and detailed rcproduetlon- 

12} The dfsposiiion of the dark and light patches by 
their relittiv^f brightness require carefully thought 
out and technically devised lighting. 

(S> To avoid disiortton of the linear perspective w^ith 
a normal camera either a coincct position has to 
be chosen for the camera or the object being 
photographed has to be moved. 

(41 Rcproduciion of the visible perspective require.^ 
adjustmenE of Ehc lens to a proper focal distance. 

Even when all the above rules have been observed in 
taking ihc picture with a normal camera there are stiEI 
limitations of reproduciidn in the resuii: to get ^ more 
accurate reproduction or bring oul other details one has 
gol Eo lake se^'cral views at diRcrent anglcs^ 

The abov'C requirements which apply to normal 
photographs lose much of their meaning in sEcrcophoto- 
graphy* 

tn the tInsE place the clarity of the picEUrc and its 
details are due to photograph^ on two pfanes, which on 
account of ihe exceptional sharpness of short-focus 
lenses used in stereoscopic apparatus giTi-e a ma.^ of 


detail often not detectable by eye. Secondly the light 
patches of the picture and the illuiniruitiDn are on 
different planes^ which emphasize the vividness and 
reuliiy of the object. Thrrdly the laborious correction of 
linear perspective by using single phologniphs taken 
with lens readju-sted to the right focal interval each 
lirm:, is automatic in stereoscopy, because looking of Ehe 
image in [he stereoscope with a focal distance equal to 
the focal distance of the camcm lens the object in the 
pielure appears just as it appeared to the cb^rver in the 
original PourEhly Ihe arEdlcial method of gctiing a 
visible perspective rrotn sepatiite pienures with uneven 
cbriiy on ditrerent phnes is unnecessary^ The itereo- 
scopc overcomes this by showing depths md the 
dilfemni pans on dfiferent pJancs cftrabng a remarkable 
similitude of real perspective, in spite of uniform clarity 
of reproduction on all planes. 

Moreover, %ve must bear in mind EhaE in normal 
pholography many subjects arc diRlcult or impossible to 
reproduce. Such are subjects wiEh diffeienc pl.ines o\ 
perspecEive very near the front and with lines inter Lacing 
in diJTcrcnt planes (foreshortening) To reproduce them 
would often require an artist who would show them hy 
eompticaied eonvcnliorvs. In stcrcopholography such 
subjects present no difilcuEiy. For example feavcs and 
branches in a irec-EOp, a mass of machinery, or^ wbai 
archaeologists come up against more often+ the pan- 
orama of an excavation with objccis re.sling on mono¬ 
liths, hajw heaps, collections of human skeletons in 
collective gravesi, the intricate perspeciive of structures 
bdng uncovered in earthworks—all these are repro¬ 
duced in sharp contrasts on the sEcrco^prinl.’* 

As a distinct mcriE of stcrcophoiography we may 
regard the natural reproduction of shine on objects, the 
transparency of water and gliiss, shadows, smoke and 
cloud, which greatEy raises Ihc value of this type of 
reproduciion. 

By its methods and lechniques field research takesiime 
to reach completion. The arehacologist is always con- 
fronted v^ith the task of excavating the site with precision 
and mnximum attention lo detail, so that there should be 
no doubi about the completeness of his record and 
accuracy' of his evidence. Therofon: his field work, Ehe 
quality and fullness of his absoAulions^ depends upon 
various fuctors. Amongst the chief of these is the short¬ 
ness of the Summer season, which [hrealens the arx:haCD- 
logtst with insulftcicnE time to complete examination of 
vritd ddails and nspecis of the siEe being studied. There 
are all the facts to be recorded in diaries, sketches, 
drawings and normal photography, v^hkk occupy his 
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iittcRtion And whQM^signiticiiiicchca^scsse^m tht course 
of the excavation^ Ever)^ student knows from experience 
that the longer sornething is the object of hh interest the 
more the o^rvatlons accumulate, which will not only 
bring comoctions bill commonly a radical alieration of 
deductions. Field research in practice has its own 
peculiarities which rarely allow the student to rciurn to 
the site or the right part of it, so that work can be can- 
linucd in the next season. The excavations finished and 
recordings ccntipleied, the finds are then removed and 
taken for ever fronfi their original position and condi¬ 
tions of deposit. Verificaiion of recorded data and the 
search for additional evidence are no longer possible^ 

So an arthaeologtst is exlrtmcly coivcemed that+ 
together with his own dtx^^umcntaiion^ fads and details 
that he himself took note of, he should have others 
w hich escaped his alteniion or to whkh hedid not attach 
proper weight. This evidence, these details, can be noted 
and assessed by studying his photographic record. 
Stercophotography alone^ especially in colour,^ with Its 
power of making things stand out, can provide 
this kind of documentation, recording many facts and 
details from various views. Stcrcophoiography has one 


more advantage. The print allows aceumic estimate of 
the size and disposition of objects in cases where 
meosuncmfnts were not rnadc at the lime of discovery. 

We have in mind stenccwphotc^rarnmetry^^ which 
forms an important branch of rnetm^hpiograhy and 
play^ a Large part in strict scientific mciho^ of 
measurement, especially in geodesy and astronomy*' 

From what has been said above it follows that stereo* 
scopie photography is of great value whenever precisfc 
and full dociirncnlaiion of the objects being studied is 
required in their nniuial thrcc-diitiensional aspect. On 
stereoscopic prints of palaeolithic flint knives one can 
see not only ihe retouch but the whole bow-shape of the 
blade without a sectional drawing (hg. 3.1). The way a 
black has been blunted by netouch, i races of wear 
on the blade of a neolithic axe or the posilioti of 
the l^int arrowhirad that killed him m the pelvic bone of 
a man (hg. 3.2-4h are all Tcproduocd by stereoscopic 
photography with many details. Jz will be fully uppreti^ 
ated that, pressed into service for recording and docu¬ 
menting of a difTercni kind, on traces of work on ancient 
tools and objects which are ihreendimcnsionali micro- 
siereopholograpby is of no small v-altie.* 
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Section two 


Stone 











I, Basic minerals and rock types used in the Stone Age 
for the manufacture of tools 


SfoNt, like bone and antler, jsortc gifts 

of nature which man hud at hi^ dispo^l froin the first 
stages of his e^istenot. Stone, however^ occupied u 
special position umong these materials. Only hy means 
of stone could man more or less cj^iensivcly exploit 
wt>od, bone and antler for tools. However simple the 
HKlhods of working these niateriub. howtjver trifling ihe 
changes produced in the natural forms appear to he, 
without stone tools there was no possibility of develop- 
TTicnl; the working of wood by bonc+ or the other way 
round, h a very difficult task indeed. Only in special 
geographical circumstances where lechniciilly suitable 
stone was absent, but. where instead there were such 
fnadetjuatc substitutes as shells^ tortoise shells or fish 
jawbones, did man contrive to manage with very few 
stone tools, although needLess io say at a lower technica l 
and cultural level 

fn considering the rocks which man had at his disposal 
for his needs we may look at the deciding rhetors in the 
choice of maierial. The imporLant rocks suhahle for the 
majority of tools belong to one mineral group, the 
quartz group of rocks* which have a single chemical 
constituent, SiOj tSi 46-^7 per cent* O 53 3 per cent i and 
a number of important physical characteristics in 
common. Varieties within I he group have import ant 
difTcrences in colour, lustre, fracture-slructure, spcciRc 
^avity, external shape and siffi, origin, tKCurrtncc* 
impurities, transparency and other features. But these 
differences are overshadowed by a few qualities in 
common. Of these an important one is the extreme fiard- 
ness, an average of 7 on the lO-degrce scale of MohsJ 
Only lopaz (S)* corundum {9} and diamond (lOj arc 
harder. An esscnLial quality of many varieties of quartz, 
which determined its choice by man, was isOLropism 
(glassy quality), that is eompleicly uniform physietil 
properties in all directions, as opposed to cr^alline 
rocks. 

Quartz (silica) is a very important element in I he 
lithosphere^ occupying 12 per cent of it, and occurs in a 
great variety of forms, being part of ntany rocks, form¬ 


ing complicaicd combinations., and also occurring in 
ciyslallfne varieties. Quartz crystals arc often en¬ 
countered in the form of rock crystal Its crystals^ which 
may be large, are elongated hexagonal pri^s terminat¬ 
ing in hexa^nal pyramids (hexagonal bipyrmrnidism). It 
is chamcieristic of this that I he individual cry^als have 
isolropie structure and do not break down into new 
crystals or crystalline grains^ as is the case with many 
other non-jsotropic materials with complete I v ill-knii 
structure- This meansihai lai^ecrystals are very suitable 
material for tools. They arc not often found on the 
ground surface and the deposiEs where they occur were 
not easy of access to prehistoric man. 

Non^FysTalline silica h known to us principally as 
flinl, chatoedony, agate* jasper^ Lydian stone 
hornstone, qunttziEc* obsidian and other rocks with 
isotropic properEtes, Due to their isotropic slructure and 
their consequent corKhoidal rnictunc, when struck these 
rocks yield an uneven surface with receding concentric 
wavos and ^cry sharp cutting edges. 

In the course of development of techniques in working 
stone prehistoric man attempted, so far as possible^ to 
reduce the concholdal swelling of fracture and the 
curvature of the flakes struck ofT, by* a change from 
working by blows to working by pressing-ofT. By means 
of the latter he produced a comparatively slight con¬ 
cavity on the core and reduced the bulb of percussion on 
the flakes. This can be observed in ihc techniques of the 
upper palacoliEhic, and especially in that of the neolithic, 
period. In addition prehistoric man found a method of 
altering the propenics of the rock surface, which was 
employed in neolithic times. By grinding he could level 
off the rough surfnoe of dioritc^ basalt and so on* 
rubbing away the irregularities left by primary work 
(^king and retouch). Thanks lo this higher kiiCl of 
technique man was able to make general use of 
minerals and rocks very dissimikir in their naiuroil 
properties. 

Minerals and rocks used in the Stone Age difler 
markedly in the micro-relief of ihcir fracture surfaces- 


^ Tile ilttuiti her on |he M.cih«K3lc. If ■ «'pc^ AncMlMf Iti^ EhctLanlei-iiftbc |w4p T 


33 





P^tEHfSTOJittC thCJINOLOGY 


Wilh some the surface is shiny and bn^K, others dull 
gleaming (waxen), oihers dull or mat, oihcrs rough, 
others with lumps and holloiA's, sharp edges and crevices 
and so on. 

We can arrange 'm order of increasing roughness of 
the fracture lltc diflTerent rocks prefetTed^by prehisioric 
man with details of their mineral characteristtcs in the 
following table: 

I. iiQCK CRYSTAL. Quartii; gfoup. Hardness 7. Specific 
gravity 2 5-2-^. Watery-transparent In colour. Glassy 
lusire. Fracture flat conchoidal. lihknii joint ing. 
Crystalline form, hexagonal tenninaiing in hexagonal 
pyramids, l-arge crystals oixtar tn rock fissures or on the 
surface. Rarely used in palaeolithic ttmes. Very simple 
objects of rock crystal found among ihe tools of 
Fifhricinihropm Fv/cim nsis, 

3. OBsi 0 1 AN [volcanic glass). Magma Lie rock. Chemical 
composition variable. Contains 75 percent quartz(SiO^). 
Hardness 6. Specific graviiy 2-35-2-5. Colour from black 
or dark grey to silvery, bul there arc other colours. 
Glassy Justre. Conchoidal fracture. SritUc. No jointing. 
Occurs tn certain lavTls and surface remains of volcanic 
origin. Used by palaeolithic man from the earliest times. 
Example: Chcllcan and Acheulian hand^axes from 
Armenia (Satani-Dar). Widely used in neolithic of 
southern Europe; America and other countries. 

3. CHALCEDONV. Varieties: chrysoprase, camclian, 
quartzine, sapphirine. Quart? group. Hardness 7. 
Specific gravity 2-65, Colour variable. Opaque. Dull 
sheen. Flat conchoidal fracture. Edge in fracture very 
sharp and thin. No] dim ing. Latent fibrous crystalline 
structure under the niicfoscopc. Occui^ as crusi in 
kidney-shaped lumps or spherolitcs forming in the 
voids of veins or fissures tn magmatic rocks. Palaeo¬ 
lithic man rarely used chalcedony and only where there 
was no chalk Him. In the neolithic period it was widely 
used in many countries. 

4. AGATE (onyx). Varieties: sardonyx, cameolonyx. 
Quanz group. Hardness 7. Specific gravity 2-5-2-7, 
Colour variable. Opaque. Dull sheen, or mai. Flat 
conchoidal fracture. Internal structure analogous to 
chalcedony. On a fractured or polished surface hori¬ 
zontal or concentric lines of different colours visible. 
Texture sometimes 'mossy' Upanoramic^). No jointing. 
Sharp^ thin edges in fracture. Latent fibrous crystalline 
sErucEure under mecrascope. Formed in many effusive 
rocks (laY'as that have flowed). Occurs condensed in 
almond-jfhapcd or larger forms (geodes). Like choice^ 
dony widely used in neolithic times for the manufacture 
of small cutting loots and insertions in arrowheads. 

5. KLiNT. Quartz group. Hardness 7. Specific gravity 
3'37-2'67. Besides SiOj ^90-^^5 percent) contains traces 
of sand, clay and other materials. Black„ grey or pink 
colour. Opaque. Conchoidal fracture. Dull or greasy 
sheen in fracture. Flint can be subdivided into four 


typc.s. Three of llwst were produced in chalk deposits : 
lit) opaln^haJcedony (gezites), (/?) chalcedony (sricxes), 
[f) quartz-chalccdojiy flints (silexitcs). The fourth 
group, fresfvwater flints, was produced in gypsums. The 
best qualities (by proper lion of SiOg and flaking 
properties) are found in chalcedony flinEs. 

Chalk films had exceptionally w idc use in the palaeo¬ 
lithic and neolithic periods in those countries where 
there are chalk deposits, that is strata of the Upper 
Cretaceous system. 

6. JASPER. Quariz group. Hardness 7-6-5. Contains 
70-73 per cent of pure quartz, the remainder being 
admixtures of clay and oxides of iron which gives jasper 
its varied colours (siraw yellow, olive, grecn^ cherry red. 
grey, raspberry). Sometimes one encounters banded or 
spotly jasper. The fracture is rough conchoidah mot 
surface, almost rough. Flakes irregularly and technically 
therefore worse than flint. Occurs in rocks of palaeozoic 
origin. Docs not contain organic remains. Used in the 
palaeolithic period in Asia and in neolithic times in 
several countries. 

7, CHERT. Like jasper hardness 7^6 or less. Contains 
slructunil impurities. Usually dark grey or greenish in 
colour. Fracture rough conchoidal. rough surface. 
Flakes worse than flint and gives shorter, thicker flakes. 
Occurs in palaeozoic and less often mesozoic strata. 
Widely used in neolithic times when grinding had come 
into use. In Siberia and other Asian countries this 
material was used in palaeolithic times. 

8. xjuARTZiTE- Silicified sandslonc. Specific gravity 
2-5-2'8. Colour light grey, almost while. Different 
impurities give this stone red^ violelt cherry, greenish 
and other tints- Dull, glassy lustre- Rough conchoidal 
fracture. Fracture surface granular, slightly iumpyt 
rough to touch. In general use in palaeolothic times 
(from the oldest period) in countries where flint was 
scarce or absent, for example, in Asia, particularly in its 
southern half. Rarely used in neolilhic times. 

9, DioR iTf. (greenstoneL Conlains little quartz or none 
at all Basic mineral constituent is felspar (75 per cent)* 
Contains hornblende, augite and sometimes black mica 
(biotite). Hardness 6-5 5- Specific gravity 3 8-2-85- 
Grey, dark grey or greenish grey in colour. Feeble con¬ 
choidal fracture and rough surface with fine or small 
grains. Outcrops in northern Europe, and occurs as 
erratic boulders in EhesouEh^and is also known tn A.sFa, 
Africa, Australia, and America, Used by palaeolithic 
man where other rocks absent, for example iEi the older 
palaeolithic of Central Asia (Aman-Kutan). In the 
neolithic period it was one of Ehc principal maEcriah for 
axes and adzes, due to its tQughncs.S- Sonw variciics 
approach nephrite in their toughness and string 
structure. 

lOr BASALT (trap), Voung magmatic rock. Does not 
contain quartz, Basic consiiiuenEs: felspar, pyro.xenc. 


34 


STONE 


H^irdness 6-6 S. Specific gruviiy 2 6-3’ 11. Bhkck or dark 
grey irt coiour, DuH sheen. Rough* * uneven fracicire. 
Compact, fine-grained stnjcturc, Ofien occurs as hexag«> 
nal columns. Widespread in mouniainous volcanic 
aicas. Widely used in neolithic times in southern Europe, 
and in couniries of south-easicm Asia and Oceania. 

IL LIFAHITE (rhyolite). Magmatic rock of leniaiy or 
posl-icniary origin. l\ contains quartz, but its basic 
constituent is felspar. Hardness 6. Specific gravity 2-3- 
2'7* Colour, white to gney with yellow and red specks. 
Dull sheen. Rough, uneven fracture surface. Sniall- 
grained porphyriiic stmeturc. Like basalts it occurs in 
volcanic areas. Starting with the mesolithic period it wa.s 
used in south-east Asia and other countries. 

12. Nt p ri RiTt (actinolilc). HardnefkS 6, Specific gruvily 
3d-3’3. Colour, usually grass green, less commonly 
other colours and speckled. Latent crystalline* tough 
rock. Fibrous structure. Splintery fracture, sharp points, 
shimmer)' sheen, slightly laminated. Found in eastern 
Siberia (area of Lake Baikall, eastern China (Kwen- 


LunJ, Central Asia (PamirL New Zealand, Tasmania, 
New' Caledonm, North America (New* Jersey). Used in 
neolithic period as a result of the development of new 
methods of working slone+ grinding and sawing. 

The above list far from exhausts the whole range of 
mlneruls and rocks used by man in the Stone Age its 
material for stone tools. That would have to include 
varieties of shale, soft and hard, fossilized v^ood 
fvtinc[tc5 of opal), siliceous tufae fgeysejitc), granites, 
sandstones, ironsiones and ochre. But these taken as a 
whole were not basic but auxiliary materials in the 
lechnolt^ of prehistoric man. They were used as 
Striker-Stones, retouchers, rubbing stones, sharpeners 
for bone and stone tools, grinders for colouring mattcft 
querns, and also as colouring matter. The short list of 
mincrais and their properties illiistiaies how^ man only 
gradually look into his use stones which did not possess 
conchoidal fracture and great hardness, and which could 
not be quickly worked by the early methods of percus¬ 
sion, pressure and retouch. 


2 


. Obtaining stone material in the palaeolithic and neolithic periods 


Th E kind of rocks used by man in the lower palaeolilhic 
period shows that the material was selected on a basis of 
practical cxpericrKe. In those countries I Europe, Africa) 
where there was Rini it was chosen in preference to other 
rocks, because its physical properties were understood. 
When There was no chalk flint or flint of other forma¬ 
tions {rarely found in open exposuies), as in sou them 
Asia+ man used quartziiej fossilized w^o€3d* flinty tufa*^ 
rhyolite and other rocks^ collecting them in the pebble 
betLs of river banks. Many of the lower palaeolithic tools 
known to us retain a pebble crust on Them. Lower 
pabeoliihic finds made by S. N. Zamyatnin and M. Z. 
Panichkina in Armenia show that man of this time used 
obsidian extensively, collecting tumps of it at surface 
exposures. 

In The upper palaeolithic period the range of material 
was somewhat increased. Besides those rocks {flint, 
quartzite and so on) out of which tools were made 
(knives* end-scrapers, burins, awls, etc) other rocks 
(granite, sandstones, slate, cakites, ochre, ironstone) 


are found on the sites, out of which striker-slones, 
pesEks, retouchers, colouring and ornaments wem made. 

It is diflicull to grasp why even by this time with his 
more advanced technique man should not have obtained 
all these materials by very simple mining. Yet un- 
doubtedJy palaeolithic hunters searched for and 
collected the necessary raw materiaJ on the ground 
surface. When they did use flint from undisturbed strata* 
they dug it out of exposures in clilTs and river gorges* 
never rruiking any significanl excavation in ihc.se out¬ 
crops. 

I^is is explained by the fact that in a hunting way of 
life collecting played an important part in the economy 
and did not allow settled life* and wandering did not 
enpourage the development of techniques of cxEraciion. 
In such an economy the quantity of stone in demand was 
still not Very great. 

There are no grounds for assuming the existence of 
trade in the upper palaeolithic period to which people 
could resort to gel types of sionc which were not found 
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in Ihcir home urca^. Sending .specially equipped p^ni^ 
inio the hoitic areas ofoitHcr friendly tribes is iikely to 
have lakert pEacc, for we know of simiiar praclioti 
among the Ausiralions. The diorite eJiposares ai Mt 
William in Vitioria and ihe MacOemcIl Mountains in 
Cent ml Austnilia were visited by envoys of dtiTercni 
tribes Jiving severaJ hundred kilometres awayr^ 

In the noolEthic period important changes in technique 
and economy look place, liuntcr-iisher tribes in the 
northern and rarmers in the southern areas of Europe 
and Asia began to lead a more settled life. The develop¬ 
ment of productive means and technical practices, 
wider economic demands and the manufacture of sub- 
slaniiiil ground look (adze and a^te) creaEtd the need 
for regular and permanent sources of stone. At this lime 
most simple rock mining arose of quiuiziic. chert, 
dioritc^ hasalt and even nephrite. 

Ncolithk' stone mines have not yet been cncounEcrcd 
w ithJn the Soviet Union, but working^ of some kind 
evidently eJtkted on ihe upper and middle Volga^ in 
karelia>* on the Dne5ir+ and in other areas w here there 
is evidence of workshops. In Switzerland. Denmark, 
northern Gemmny. Belgium, France^* Sicily^ and 
England workings were opened in the form of a shaft, 
hole or irtneh. The flint workings at Grand Pressignv, 
Mur-de-Barrez, and Champignolles are very widely 
known. Tn England hint was obtained from hok^s at 
Cissbury- i Sussex)* and shafis at Grlrnes Craves (SufTolk I 
In Belgium chalk (lint was worked at Spiennes fur. 
Mens)* by shafts more than 15m deep joined by 
galleries, and also by holes at Strepy and Obourg. 
Amongst Egy'ptian flint mines the numerous viell-shafcs 
at Wadisrl^lWik^ are conspicuous examples, opened 
initially in Pre-dynasiic times, but used as a source of 
raw materials in later limes. S. Carr, who studied these 
ancient workings, observed well-like shafts and heaps of 
waste sea tiered about the desert sand. The fJint was 
obtained here over a greai area along the edges of old 
valleys, where rivers had Bowed in pleistocene limes and 
since dried up because of climatic changes. 

Thus arose the rudiments of mining, albeit primitive, 
but still requiring specialized methods of work and 
special application of look and devices: antler and stone 
picks^ stone hammers, sledge-hammers, bone and 
wDfxkn wedges, the simplest wooden clamps^ and also 
forms of rock-splitting by fire- All this trslifics Eo the 
new lechnicoJ achievcriKnLs of the period. 

Commpniiy, in counEries where during palaeolithic 


and mcsolEthic limes man had had to make hk lockout 
of poor-quality stone, in neolithic times tools appear of 
technically superior ro<iks, and aLso in greater quantity. 
An example is the area of t- Baikal where, besides she 
use of chciT, we find axes, adzes and knives of nephrite 
in gencrat use. The hard actinolithic rocks (nephrite, 
jadciEc^ Serpentine) could not have been worked with 
pjhicoliihic techniques, flaking and retouch, because of 
their fibrous structure. The skills of sawing and grinding 
had had to be developed first^ Nephrite k not found in 
Siberian palaeolithic sites even as an auxiliary material 
(Sirikcr-stones^ retouchers, plaques), as the esiraclion of 
this rare maierial and its working k no easy matter. Vet 
Siberian nephrite is found as smooth rolled boulders 
at the ba.se of the outcrop to the west of L. Baikal 
(Rivers Onoi, Chika, Khorok. Zhara-Zhelga), where ii 
occurs as actinolithic slate,^ The use of nephrite of 
various colours for took and omament stiirtcd in the 
neolithic period in China, where it was obtained from 
the Kwen-Lun Mountains and a variety of nephrite, 
jadeite. Is found in Burma and in the Pamir area, protv 
ably the source for the eneolithic population of Ihe 
Indus basin. In America nephrite was worked by ihe 
artdeni Mexic^iiis. In New Zeabnd the Maoris made 
nephrite axes, adzes and even clubs. Nephrite is found in 
the island ofTasmania, bui the aborigines did not know 
how lo use it for their tools. In Europe the neolithic 
population obiained nephrite (smaragdite) from out¬ 
crops in Silesia, Carymthia, and Styria, and also from ihe 
central Alps and southern Liguria. 

The neolithic lools of south-east Asia are of especial 
intcresl. Upper palaeolithic sites a re still unknown there. 
After the rough hand^xes of Java (Pajitanion), Malaya 
(TampanianK Burma (Anyalhian), Siam f Fingnoian), 
which arc very inexpressive stone objects* found wiih 
remains of Sofoensi^ (al Ngandong), we meet 

nothing before the mesolithic hand tools of the Bak-Son 
type made of rhyolite. The presence of bamboo and 
shells in these countries* and the almost complete 
absence of hint, forced man to manage at an early dale 
with Very few stone tools or to use them only in cxlrcmc 
necessity. But in neolithic times, when man eh:ingcd 
from hunting and collecting to agriculture, to the 
construction of pile-dwellings sind the manufacture of 
dug-out canoes, slone axes appear in vast quantities^ 
axes, adzes and chisels of beautiful workmanship made 
of coloured slates* jasper and agate. In Java slate work¬ 
ings and workshops occur near Punnting and Pajiton, 
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whence the siore objects were carried throughoui the 
whole inland 4fid even beyond its shoreSr^ 

In souihem tndia nciir Belbry tKapg^lL) is a ncoltlhic 
shaft explored by B, Foote, It cuts through a substantial 
h\l\ which H made up of dioritc of two sorts that was 
extensively used in the manufacture of chopping tools in 
antiquity. Large neolithic workings also occur on the 
dioriie outcrop neat Ananta pun Most of the rough-outs 
were worked by peeking, and flakes can still be found. 

Evidence for neolithic tmde cannot be regarded as 
accidental. Took of Grand Pressigny flint recognisable 
by their yellow colour are dtsiribuied throughout the 
greater part of France. Very often nodules of flint, 
lumps of diorite^ basalt, chert and jasper are found in 
neolithic setticmenis that arc not close to natural occur- 
rcnccs of I he rock. For example, on the site of neolithic 
seiilcmcnis of central India large pebbles of agate 
(geodes), lumps of jasper and homsionc weighing 
several do^en kilograms arc sometimes found mixed up 
with poishcrds and other remains. In the opinion of one 
Indian scholar^ this type of material could have reached 
the sett lenient only w ith ihc aid of some very simple 
means of transporMsIcds) propelled by human strength. 


Ilornsionc, and particularly agate, was obtained in 
such large quaniitics ojily in India and u few other 
countries. In India, however^ the neolithic population 
rarely made axes and adres out of this matcriiil, using it 
more often for small tools. 

In making small unground tools (arrowheads, knife- 
and dagger-blade insertioRS. saws^ scrapers, awls, burins 
sickles and so oni in India^ as in the neolithic period In 
many other countries, semi-precious stones were widely 
used; chalcedony, agate, onys^ rock crystal, jasper* 
Lydian stone, garnet, bloodstone, hornstone. These 
occur as nodules, pebbles and even almond-shaped 
knobs. They are met compartilively fret^uently in nature 
but for the most part not as targe objecis; one can pick 
them up in river beds and graiels, which was what was 
done in antiquity. But usually they are tilled with cracks 
and hollows due to their origin in veins, ftssure^ and 
concretions of magmatic rocks. Mastery of minerals of 
this type is very difficult, and implies the rudiments of 
mineralogical technique in the tscolithic period. The 
substantial quantiiy of objects of the above-named 
siones found in the New Stone Age allow-s us to 
appreciate the growth of technology in this period. 


3. Significance of the properties of maieriiil in the technique of working stone 


Fon a long time we ha%‘e been aware of several essential 
differences observable in the external aispect of palaeo¬ 
lithic tools found in different countries o^'er large areas 
of land. This difference has been especially contrrmed by 
comparison of the stone tools of the countries of Europe 
and the Mediterranean area on the one hand and of A^ia 
on the o ther. All hough there arc of course signjficarit 
local peculiarities in palaeolithic tools in the Europe- 
Mediterranean area, there are several overall common 
characteristics: a substantial number of well-made 
Chellean and Acheulian hand-axes, highly finished 
forms of Mousterian points and sempers. The tt>ois of 
the upper palaeolithic sites of this area have very charac¬ 
teristic features. 

We see quite a differoni picture in Asia. While in the 
Europe-McdiEcrrancan area the upper palaeolithic tools 
as a rule were made on blades struck from cylindrical 
cores, and so had regular elongated shapes with thin 


sections, in Asia, for instance Siberia, the tools difler in 
having less expressive cxiemal features. The blades 
there were shorter,, less regular, more massive; the 
diflerent types arc less clearly distinguished one front 
another. On the whok the stone tools of Siberia are 
much less frequently made on blades struck front 
cylindrical cores. In the mass the Siberian palacoliihic 
tools have a more priraihve character. 

S. N. Zarnyatnin devoted a special article lo this 
problem* and wrote: \ , in the technique of slone- 

w'orklng in ihc Siberian palaeolithic sites a feature most 
characteristic of this period is absent, which in Europe 
and Africa we find everywhere and which gi\Ts the tool 
series such a characicrisik appearance. J am referring to 
she prismatic core, the development of which allowed 
the manufacture of a new type of implcmcnl, the long 
knife-like flake with purallel edges struck from it* which 
reached a high degree of regularity and thinness at the 
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tfnd cf the palacolithk; pcrii^. Looking al acalleclion it 
2 flrikc& Oitc Rl a glaru:c that the use of this technique was 
very llmEtcd, if not quite absent^ in the Siberian and 
Chinese ar^s^^ 

Ase^uimplcs of this Zamyatnin quotes the well-known 
Siberian situs (Malta, Buret, Afontova MountaLn). sites 
on the Yenisei and in the Altai mountains discovened by 
G. P. Sosnovsky^ A. P. Okladnikov's sil-es an the ri%'er 
Lcna+ the upper cave at Chou-Kou-Tien ajid sites in the 
Ordos area (Sho-Tong-Koy^ Shara-Usu-GolJ. In all 
these, b::sides the primitiveness mentioned, the insigni¬ 
ficant number of burins of upper palaeolithic type is 
noticeable^ as welJ as the absence of end'^mpers on 
blades. I nstead of end-scrapers there a re mi n iature round 
scrapers- Scrapers in several sites are of massive Mous- 
terian type and ofteti tools of hand-axe rorm ore found. 

While very properly criiicising the tendency of some 
western archaeologists lo regard ihese differences as a 
sign of the backwardness of the East compared lo the 
West, Zamyatnin gave no definite cause to explain the 
peculiarities, although he draws attention to Ihrec 
factors: maieria]^ technology and economy. He denied 
ihe essential significance in quality of material as the 
expJanation of the special features of the stone tools of 
Asia. Economy also faited to qualify as a fundamental 
cause, for in Europe and Asia alike the main means of 
subsistence in upper palaeolithic times was hunting 
mammoth and reindeer. Nor can the characteristic 
differenoes of the Asian tool^ be attributed to tech¬ 
nology, spnoe there can be greater variations jn methods 
of work betw^een local areo-S than between the large areas 
mentioned. When we are dealing with a matter of differ¬ 
ences and peculiarities of most general trails observable 
over v^st areas of ground, the cause of the dilferences 
cannot be sought in pecullarilies of the manufacturing 
process. This view is conllmied for example by ihc 
absence of essential differences in the character of banc 
Eools in Europe and Asia. Hie peculiarities in shape of 
Ihe female statuettes of Siberia, that is artistic creations, 
to which Zamyainin refers, cannot be put in the same 
rank as peculiarities in stone tools, as the latter de¬ 
veloped in quite a different way. 

Strictly speaking the purely formal division of geo¬ 
graphical areas by Icchniques of working stone, a 
division for which there is no full causal expLination* 
can be made independently of any wish of the investiga¬ 
tor EQ introduce the concept of race as a facior influenc¬ 
ing technological development. Leaving this aside, study 
of the problems of sourecs and properlius of the si one 
materials actually available to pakieoliibic man in 
various countries might set us on the right road lo an 
answer. 


On what serious basis can the icchnolog)' of the 
palaeolithic population of Europe and the Mediter¬ 
ranean area be arranged? The predominant material 
here was chalk flint. This occurs in the form of nodules 
of varying size, from small knobs and conerctions about 
the size of a hen's egg up lo lumps weighing several 
dozen kilograms. Each nodule is encased in a white 
D|^quc crust which is less hard and consisEs of hydrated 
silica. Rather less commonly chalk flint is bedded in 
veins or layers of variable thickness from thin irregular 
strata of 2-3 cin thick up lo 15-20 cm and more. Ies 
differant colours and shades depend on the admixture of 
potassium, lime, alumina, ferric oxide, and other com¬ 
pounds. 

It was the nodular flint thai mainly caughi e he eye of 
palaeoliihic man in Europe, Often occurring in fresh 
gravel and alluvial deposits it was relatively easy to 
obtain and work. The geo-chcmic^il and mineralogical 
properties of chalk flint, its isotropism, conchoidal 
fracture (espechilly in a fresh state, when the nodule had 
only just left its pareni bed) allowed him to make 
successfully tools of a very rmished appearance. 

The orij^n of ibis flbt is closely bound up wiih the 
marine deposits of the Cretaceous period, that is clays, 
shales^ sandstones and limestones* and chalk itself. The 
latter is a comparalivcly rare rock but w^as the essential 
medium in the formation of chalk flint. 

In the Soviet tin ion flint-bearing chaJk occurs only in 
Ehc south European areas with its northern limits in the 
districts of Ulyanovsk, Voronezli and Bryansk. Flint 
found in northern areas occurs either in the lower Strata 
of the Cretaceous system or in strata of previous 
formations^ and besides having diflercnE qualities was 
less accessible to man of the Ice Age. In western Europe 
Upper Cretaceous strata with flint nodules or veins 
occur in England* northern FraneCt the Netherlands, 
Denmark^ Westphalia, and also in southtem Mcditcr- 
ranean areas. Lawyer and Middle Cretaceous deposits 
arc widespread in northern^ eastern and southern Africa 
and Hither Asia. The flint occurring in the limestones of 
these depqsils is diflerent from the chalk flint of Europe, 
Over all the rest of the Asian continent Cretaceous 
formations arc feebly represented and deposits of Upper 
Chalk almost entirely absent. 

In the greater part of Asia palacolilhic man was 
compelled to use predominantly pebbles of chcrl+ hom- 
stonCi jasper^ quartz and rhyolite, all products of 
erosion and w'calhering of ancient scdimentaiv and 
metamorphic rocks. Such material could not yield fine 
cores and blades, with tools made on them like the 
toots of Europe and north Africa in the upper paloeo- 
lithic period. 
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The dependi?ni?e of the morphological characteristics 
of stone tools on the qimJity atid propenks of the- source 
material is irisufflcientLy apprcciateil by scholars. The 
quality of ihe mutcriiil formed pan of the naiural 
environment in ^hich man lived; i! showed iis influence 
in the economic life and technology of society, impress¬ 
ing its mark on the types of tools., methods of work and 
mnnufacluring practices- 

There is evidence of what part the character of the 
material plays in the choice of melhods of work among 
backward tribes from the wcll-Icnown study of Spencer 
and Gillen among the aborigines of Australia. They 
recorded that tribw of Cenlral Australia simultaneously 
made and used roughly dressed tqolSp retouched tools of 
quartzite and grounda?[&s of diorite, lhal is tools of both 
palaeolithic and neolithic form. Some quartzite knives 
were as rough as the Tasmanian ones, but with them 
were a series line as those from European upper 
palaeolithic sites. The type of tool depended on the 


quality of the material that the Australians had lo 
hand. 

K-ing recorded beautiful reiouched spi^rlieads, teof- 
shaped with denticulated edges, recalling Solutrean 
forms, made out of quaru and fine-g^aii>ed milky 
quaitzitCT when such material was available. Where 
there was no such material the spearheads took on a 
more primitive aspect.^ 

bfany workers, including Roth nnd Klaatsch, have 
eonlirmed the mixture of highlyHlevcloped types of stone 
lools with rough forms of coliihic appearance in 
Australia, tn some places on ihe north coast and ofT- 
shore islands where there is no suitable mHEerial stone 
tools were entirely abseni; insicad the natives used shells 
or teeih of murine animals and kangaroos.' Spencer and 
Gilkn wrote: Tf the Aranda or Varramun^ should die 
out the future rese-oreh-worker will be very confused by 
their stone industry with its inicrmi.xtunc of palaeolithic 
and neolithic types'.^ 


4. A study of the oldest methods of working stone 


a. Pereu^ion 

Percussion can he regarded as the oldest method of 
working stone. By this primeval striking method man 
changed the fonifi of storie by deliberately breaking ii 
into pieces with a few strong blows. In contempornry 
lochniqucs of working stone this is called hewing or 
quartering when a lump of Stone is roughly shaped. It is 
possible that in certain cases palaeolithic man had had to 
detach pieces of rock as flakes from an outcrop* * for 
example in exposures of obsidian veins, diorites, 
rhyolites, quartzites, limestones and dolomites, using u 
h^vy maul for this purperse. However, such activity, 
very familiar in neolithic times and representing an 
initial stage of minlngp obviously was but rarely 
employed in early palaoolithie times. 

I^rcussion techniques have inierested imany archaeo¬ 
logists and attempts have often been made to make very 
simple tools. Among Russian workers Gorodlsov 
carried out experiments on the banks of the river Istra* 


40 km from Moscow, using the flint that occurs there. 
At she same linw as his experimental work Gorodtsov 
made observations on the formation of natural eoliths 
in the clifls of the valley, produced by icmpcrature 
changes, falls of rock, wuEcr movements, and cracking 
by fire. He established that natural agencies very often 
produced traces eloscly similar to those left by human 
acnlvity; eoliths may resemble flakes, even rough blades 
with signs of retouch- Similar resuhs of the action of 
natural agents have been observed by Verwom, Arcelin 
and Breuil, 

Among English anrhacoiogists experintenial work in 
making the simpler stone tools has been doive by Reld- 
Moir who made hand-axes and tools of LevaHois type.* 
Tools of Clocionian form have been mode by Baden 
Powell * experfmenting in the field of primary palaeo¬ 
lithic technique. The French archaeologist, F. Bordes. 
studied percussion on glass, vitrified metallic slag, flint* 
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obtsidiuji iirtd other miitcriu.U- The di^lin^ishcd Chinese 
^Eudent of Pekin man^ Pei Wen Chung, carried out 
prolonged researches on shaiEcr and crdCkLng in hard 
rocks under Ihe uction of natural agencies. He compared 
the products of naiuraJ altcraiEons wiih the tools found 
UL Chou-Kou-Tien.^ 

The results of all thiseKperimental work and observ'a- 
lions by archEicologists of difTereni countries have still 
not been drawn together, but wt can say at once that the 
deductions of ihe various writers do not Tully coincide 
on the pornis that interest us. 

From ail ihc work it has emerged that the manu¬ 
facture of bifacial hand-a^cs is well within the capabili¬ 
ties of modem man without any csperience in hand 
craft. Our experiments Eesttfy to this, carried out near 
Tikhvin in 19J5 in a liniesEone tin airy where nodules of 
grey flint of lertiary origin occurred.' 

There can be no dispute, Icno, that the best results arc 
obtained by working Aim nodules taken at their point of 
naiunil deposition while they si ill contain moisture. 
Nodules that have lain on the surface and lost their 
moisture are appreciably more dilTicult to work, even if 
they have not become cracked. From dried-out flint the 
fTEfckcs come off shorter and more abruptly. 

Ail workers are agreed ihat some stone 'urtefacis' 
arise from nuEUtal causes and can be very dilhcult to 
dEstingUiSh from real tools made by early palaeolithic 
man, especially if they are not associated with his 
skeletal remains, or animal bones, or other undoubted 
traces of human activity. 

Almost all cxperinteniers recognize that the dressing 
of a tool Tike a hand-axe musE have been done not 
against an unyielding body (anvil or rest), but in such a 
way that when the tool was being struck the man held it 
in his left hand raised lo Ehe level of his waist or chest. 

Controversy arises over what material ancient man 
preferred for a striker: stone, bone* wood qr what else? 
li was the mistaken opinion of Gorodisov that the 
cIrcuEar stones with traces of blow's on Ehcir surface 
often found on palaeolithic sites were not strikers, but 
mlilies Or sirikcrs used for flJnt working with an inter~ 
mediarj'. He wrote: *My prolonged experiments have 
shown ihai cireutar stones arc quite unsuiLabIc for 
dressing and especially for refined flaking technique. 
Their defoctiveness is due to unsuitability for side blows* 
while in direct^ less effective blows, the point at whhch 
the blow is directed is smoEhcred. This is why 1 have 
reached the positive oonctusion that fqr knapping and 
more elaborate flaking the .striker must have been 
elongated in shape/’ 


The view of Gorodtsov to some ex lent coincides with 
the Opinion of &ordes^ who also assumed elongated 
striker3, but with this difference, that he often worked 
not with Slone strikers but with wooden ones. He 
believes that man made toots only of ChcTletm and 
Clacionian types with stone strikcrs/Tools of AcheuTian 
type, in his opinion, were made w'ith w'ooden strikers, 
and the part played by these grew us techniques of stone¬ 
work i ng developed.^ 

Bordcs based his view on his own experiments. 
Probably unstable materials (glass, slag) could be 
worked, albeit with dilficulty* with a hard wooden striker 
of short length used like u stick. Some positive elTect 
may be produced by striking with a wooden lool on a 
maicrial such as metallic slag due to the physical Jaw 
about the power of the forte in movements of high 
speed. As regards flint its working undoubtedly re 4 |uirc^. 
not only great rapidity of movement in the blow, but also 
physical elTccis which a wooden striker cannot produce. 

Baden-Powell supported this point of view, and after 
testing wooden sirikcrs (‘the stick technique ) rejected 
them in favour of quartzite pebbles and rolled flints, 
believing the latter lo have been the best tools for 
knapping. He selected egg-shaped pebbles 5 lo 7 5 cm 
long for his tests/ 

Gorodtsov did not test wooden strikers in his experi- 
menls. Our own trials with the ‘stick technique' have 
also met with very ill success, SErikers of oak* birch, 
beech* and box quickly disintegrated into fibres from 
blOHvs on flint, and no longer being serviceable had eo be 
constantly replaced. Some effect was produced only by 
using them on the edge of a flini already dressed with a 
stone striker, which could be better called percussion 
retouch. Initial working in which the pebble or nodule 
has to be broken up into quarlerSp its coricx removed 
and substantial flakes struck off, wus quite impractical 
with this implement. Wooden and even bone strikers 
were broken and splintered by strong blows on flint. 

Dressing of flint nodules or any oiher rock was done 
from live beginning to the end of the Stone Age by 
means of striker-sLone^. These belong to that small 
category of tools which very often were not worked 
thcmscIvcsK being simply ordinary river pebbles, 
elongated or flat in shape. The chanieterisitc traces of 
wciir for Striker-stones, which distinguishes them from 
other tools, are signs o-f battering observable on their 
surface. The working part of the striker-pebble com¬ 
monly has an uneven surface with deep scars and chip- 
marks. As an example of such a tool we may cite the 
striker-stone from the Mousterian site of Volgograd on 


' W'en Ctiunit JPrviiJ’Or ff Jr GAtltrjiif f/j 4 f | p, S4. 

' V X. OiSPcaiBrnr, P- 73. 

' 1'. pP- A. 

* P. F.. HLiiicn-PrttHfPI, i-f .Cit JiJi. tS p. 3S, 


40 




4 I Sirik^F-jfpnf wffh .im« fmm ^xf tnJItvfF^ 6y amms: 2 meihadqf usf of « striker 

{reivnxtrticfhf! of flaking o rori*). 


the Votga^ dug by Zjimyatnm in t9S2-4. This 
pcbbic or slightly flattened shape weighed about 400 
heaogranis. Its surface retained several scars produced 
by hard blows, and on parts traces of a large number of 
light blows (hg. 4). 

River pebbles alone, of cour^^ were not used os 
Strikers. Beginning in the upper palaeolithic penod^ and 
possibly earlier, logcthcr with pebbles^ worn cores were 
also widely used as strikers. These tools, whose surface 


is eJttensivcIy starred, are well known in ihe upper 
palaeolithic, used not only as strikers but also os 
retouchers and pestles. They have a circular, often 
sphertcah shape and oommonly are smothei^d with 
traces of blows, prcssuie^ friction and other kinds of 
activity. For precise dednition of the function of each 
implement of this kind iherefore, caieful exanunatiort 
of the surface is necessary. So Gorodtsov's view that the 
spherical flints were used as niLsslIes ot strikers with an 
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intcrrncdiiir)' cannot possibly be sustained^ bccaliSiC ihc 
objects in question bear traces df blows and pressure on 
hard mitcnat, ^hich could only have been Hint. 

The manufactun: of Chcllcan and 4cheiilian hand' 
axes has been fully carried out with a slriker-sione. 
Experimental manuJacturc of the idol under laborniory 
conditions shows that the dressing can be done without 
any means of support (anvil). The nodule of flinty 
quaruite or obsidian was held in the left hand at waist- 
or chest-levcL This was done to avoid □ bounce blow 
rroni I he side of the support producing a flake on the 
nodule in the wTong place. The left hand at the time of 
the blow * *gave like elastic\ thanks to which the force of 
the blow nearly always was dirocicd to ihe right spot. 
A modem mason or bricklayer goes about it in the same 
way when he has to dress a brick or cleave it at a 
required point. However, the danger of a bounce blow 
only arises if The object is on a stone rest. Bonc^ wood 
and cspccialJy earth were probably used by man for 
support during dressing. We have to remember that a 
more or less clastic and plastic support could only be 
used sticcessfully w hen the stone tool was very light and 
could not be worked in the hand, or conversely if the 
nodute or rough-out was loo hea^-y. The former would 
be required for Achculian and Mousterkn points, 
bifacially worked by percussion retouch on a bone 
anvil, and the second for ^gigantolilhs' and some large 
tools probably worked on the ground. 

Percussion as a method of work was widely used in 
the Stone Age. The breaking up or cleaving of stone 
into pieces can be regarded as its crudest form, just to 
get sharp lumps and flakes suitable for use as tools. 
From this arises striking or flaking off a pan desired for 
use from a large nodule of Hint or piece of obsidian. 
Connected with dressing is the removsi of the cortex or 
pebble cni!it from the rock and cleaning it of patina and 
all other types of accretion and impurity. These methods 
of working stone by blows led to the Chclico-Achculian 
technique of making bifncially-worked hand-axes 
{rimmed by rough retouch. Vayson attempted a rational 
etassitlcaiion of t hese tools based on the shape of their 
working part.* 

There are I w o views on the problem of the origin of 
hiind-a:^c 5 . On one view the hand-axe arose to meet the 
need for a Tool that would be suitable for various 
purposes (chopping, cutting, semping. digging and so 
onl- Such a tool could not be made in the first instance 
in any other w ay than by bifacial dressing if there had to 
be united in one tool the necessary weight for blows, a 


point, two sharp edges and a thick butt. According lo 
Ihe second view the hand-axe u merely a touc!ied-up 
core of the lower palaeolithic, arising from a develo|'ted 
technique of detaching rough flakes from a nodule (of 
Hint, quartzite or obsidian). 

In our view posing the problem of the origin of band* 
axes without getting clear in our own mmSs what it is 
that we want to know about the oldest tools makes the 
mailer too theoretical Of course, almond-shaped hand* 
axes are not ihe products of some idea that suddenly 
struck Chellean man, for they must have arisen gradu* 
ally from prolonged experience; the nianufaciure of 
hand-axes presupposes a fair degree of experience in 
knapping stone. These considerations, as well as the 
'associated' tools’ consisting of rough flakes with scars 
and facets on ihe edge, indicate that hand-axes were by 
no means the only tools of the period.* Tite character of 
the tools of Pekin man testifies to this. 

MoiiSierian methods of working constitute in essence 
a new^ achievement in knapping. The creation of these 
methods was a step forw ard in The economy of labour 
used and then economy in maicrial'.' The lalwrlous task 
of bifacial dressing was replaced by striking off a large 
prepared flake, which, it is true. Then required retouch, 
hut it was a completely daffereni object with tine edge 
and point thanks to its narrow section. Bifacial dressing 
could produce one or two tools of hand-axe type from 
one flint nodule; ihe new technique allowed you to make 
as many points and scrapers^ as flakes or leaf-shaped 
flakes you could strike off the nodule. 

Baden-Powcll who carried out cxpcrimenis over the 
course of several years on working stone, demonstrated 
some aspects of the technique of flaking which have 
been confirmed by our own work. In his tests he used 
pebbles 12-15 cm long. He ctovc the pebble into two 
halves, so that he got two cores, each with one side flat 
(the broken surface) and one with the bulge of the 
original pebble. The flat side formed the striking plat¬ 
form with flakes being struck off all round the edge. 
The first flake struck from the core had cortex over its 
back; the second flake had two surfaces divided by an 
arris, one being covered by cortex, the other pan of the 
scar of the first flake- The third flake was struck off on 
ihe edge of she core between the scars from the firsS two 
flakes, n had two or even three scar arrises on it like a 
leaf-shaped blade, but no cortex. 

Badert-Powetrs blow on the very edge of the platform 
yielded a very thick flake- The angle of declension of ihc 
plaifonm which was turned towards ihe operator was 
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45' pfF horUontal. Tht angle of ihe blow vaned from 
80 to 140 . Before selecting it striking point the over¬ 
hang on the core's edge iirtd sharp angtes formed by t he 
previous blow had to be struck olT. The flaking was done 
w'ithatii ntsling the core on a hard support (anvilh just 
as in flaking haTid'axes(lig. 4 ^)r 

Percussion dressing arising In its iiimplest form in pre- 
Chellean times played u basic pan in lower palaeolithic 
tlmirs. Later it was used in the initial stage in preparing 
the cores from nodules in upper palaeolithic and mcscT- 
liihic limes, in making the rough^uis for axes in 
neolithic times^ and also in a different kinds of touching- 
up, ^vhich required a Ecchnique of blows. 

By way of exampk of the prolonged use of the most 
simple methods of working stone wc may ciio the seiik- 
nient of ihe Tripolye culture excavated by T. S. Passck 
at PoLivanov Var, This illustrates how the development 
of technique enriched society with new melhods of work 
in which old methods frequently were applied where 
necessary. The nearby exposures of fiint gave rise to a 
workshop on she site for primary^ w^orking, as well as for 
the manufacture of objects. 

The inventory' of half-finished and compkECd items 
found in the workshop area is rather large, and so wc 
limit ourseK^es to basic objects: 

(1) Modules of grey flint 4-5 hg m weight* partly or 
quite freed from cortex. 

{1) Cylindrical cores of various sizes with scars of 
blades removed. 

(3> Unworked blades, 

(41 Worked blades (end-scrapers, awls, reamers, 
reaping kni^'cs, blades of composite sickles, dart 
and arrowheads and so on). 

(5| Striker-stone and pestles. 

(6) Flint neioiichers of various fornris. 

(7) Rouph-oum for adzes and axes with or without 
grinding: frag™nts of rough-ouis broken in 
dressing. 

(S) Ground axes and adzes- 

(^3) Axe and adze sharpeners. 

(10) Sharpener sla bs for bone tools. 

(11) Mortars for pounding hard niEttcrialSp and so on. 

Many of the tool.s mentioned showed signs of long 

use. 

The flint noduks after exiraction from their original 
deposit were subjccied to preliminary flaking to remove 
the corEC!^, which has a spongy structure and coruains 
crystalline impurities that sometimes penetrate the Him 
below. This w^as roughly flaked otTby blows with alieavy 
striker-stone leaving as a nucleus the preliminary stage 
of a working core. After this the quality of the maEcrial 
and ihe possibility of further work could be assessed. 

Rolled river pebbles of a different rock witre not 
employed as strikcf-stoncs at this siie, but instead, flint 
cores v^hich had already been used for flaking- .As 


Cvidcnoc of this were the traces of bbw^ on the surface 
of cores, forming a starred patlem due to the inter- 
seciion of numerous cracks. The cores used as striker- 
stones had difTciing shapes: oblong, circuhir and dis- 
coidal. The oblong ones were commonly used at both 
ends, the circular ones over all or most "of the surface, 
whilst the dLscpidal ones remained unused on their 
edges where they had been hcldt and rubbed or polished 
by the lingers. Thus the cores from this she had been 
worked themselves by OEhcr cores. The patches of 
starring on sonxr of the oblong cores were quite uneven, 
with projections and angles, crushed or even destroyed, 
which must be the result not of blows but of pushing or 
pressure. Such truces arc very similar lo those on the 
edges of the side pressure areas on cores from the upper 
palaeolithic site of Timonovka, regarded by m as 
retouchers (fig. 5.1 -2). 

Certain of ihc medium and larger strikers retained 
traces of another kind on their wom surfaces, where the 
rough starring characteristic of st rikers had been rubbed 
and smoothed. So it may be assumed that ihese were 
pestles for grinding and puK-cruang some kind of hard 
matter, possibly an additive in pot-making. Some of the 
larger examples had been used as crushers. 

Consequently at Pol Ivanov Var we can regard it as 
established thas cores wirre cxiensivcly used as manu¬ 
facturing tools. Very simiJax facts were observed at Luka 
Vrublcvctskaya. 

Bestdes core retouchers, Polivanov gave us a large 
number of retouchers for use in fine pressure work on 
blades. These tools are large narrow flakes with sharp or 
blunt ends, Bifacially worked retouchers shaped like 
spearheads were also found, which possibly aclually 
were broken spearheads re-used as retouchers. 

The use of cores for pressure and strike retouch was 
evidently more or less charactcri^tjc of the whole Stone 
Age, In the northern forest zone of tlw SovicE Union^ at 
points vety isolaied from the southern lale rteoliihic 
Tripolye culture, one sees just such a simple technique of 
primary working offlini tools with Its rather palaeolithic 
characicr. 

Rrizhevsky found evidence of a workshop ut 
GorodJshchcnskaya Mountain near Rzhev. Among his 
material we recognized cores with all the signs of use as 
retouchers (fig. 5.3* 4). They have inclined striking plat¬ 
forms on I he rim of which is clearly visible a dull, rough- 
lo-the-iouch pan produced by lighi blows and pressure 
on flint. On sonic cones ihis rim has a rough almost 
starry sEmeture (fig, 5.4s. In the use of these retoucher? 
blows evidently prepnderated over pressure. With 
these were found proper striker-stones, one of which is 
interesting in that traces of use show themselves in two 
wiiys (Jig. 5.51 It Is a massive Rake of irregular shape with 
a patch of cortex on ils surfaoc. Its edge (AB> has been 
bnEicicd and blunted by blows. On the cons'ex side and 
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visibtc qvcn so ihe naked eye is ii second paSch of soars 
from tighter sliding blows (C). These scars were coused 
as the striker-storte afier each blow fell away, knocking 
its bulgy part again&E ihe object being worked. So before 
us was an inieneating document revealing in great detail 
the technique of knapping stone, and conbrniing ihat a 
rough starred surface is the functiona] sign of a striker^ 
stone. 

b^ RehHich ti> direct blows with an mterotedbiTy, 

and cbimter reluuch 

The working of tools in Hint and similar rocks passed 
through various stages of development. From an 
original shattering of a pebble or noduk with the object 
of gcEEing Fragments with sharp edges, gradually the 
objective altered to dressing Ihe SBOnc into the shape of a 
Chaikan hand-axe. 'Hie number of necessary blows in 
making these increased. The transition to retouch meant 
csscntialEy the creation of a new finer method of shaping 
tools, requiring many light and more frequent blows to 
remove small parls of the surface of the tool being 
made. 

Consequently percussion retouch is one of Ihe 
nveihods of secondary working of stone tools with a 
striker-stone, a more developed kind of dressing. Yet it 
is essentially different from pecking, which is an even 
more developed , finer fomi of dressing. 

Flake retouch can be applied only in making tools of 
Flinty rocks and then only on the edge, while pecking 
was employed predominantly for secondary work on 
granular rocks, and could be used at any point on the 
worked object's surface, ITic latter also differs in [he 
direction of the blows w hich fall at right-angles to the 
worked surface. In flake retouch the striker-stone will 
fall at aU angles fromO to 90 , but always on ihccdgc of 
the object worked, 

Working by retouch arose very early, for obviously it 
was already in use in the lower palaeoli[hie period. Ai aM 
events by Acheulian times retouch was already a mature 
method of stone-work mg. The hiind-axes of Achculian 
type found at SHilani-Dar (Armenia) by Zamyatnin and 
Fanichkina have retouched edges, and the tools of 
F^jkin man bestr numerous traces of retouch. 

This method of completing work on stone [ools was 
extensively used in the later phases of the Slone Age. as 
it was a simple way of [ouching-up a rough-out l^fore 
grinding, or blunting a sh:irp or in other opera¬ 
tions. 

In later limes retouch was Commonly done nol with a 
single striker hut with an intermediary, such asa slanc or 
bone rod. Retouch with an inlcrmcdiary has some 
advanlagc over simple retouch; a blow with a striker- 
stone on a flint docs not always remove the precisely 
desired part of the struck surface, for the working part of 
this tool has a large surface. An intermediary with a 


narrow point made it possible In flake off a small pan of 
the worked object at a more sped he point. 

We understand the use of an intemvediary' in stone- 
working only from ethnographic parallels, in particular 
from the evidence collected by J Jolmcs in America and 
several other writers. The object has still not been 
identified in Ihe archaeological materiaJ, although its 
existence in neolithic times is hardly open to doubt. 

There Is some reason to suppose that retouch with an 
intcrmediaiy was never widely employed in the Stone 
Age. Stone, wood or bone which could have been used 
as intermediaries were not sufficiently resilient. A 
wooden stick quickly splinters and becomes unservice¬ 
able, A stone intermediary also loses its shape at the end 
from the blows; moreover, it is very diflicult to make 
and frequently breaks. A bone iniermediary^ made from 
i* long bone is the best of the three, but it is split by 
blows ownng to i is lame] lar si rucl un:. 

In counter retouch a wooden baton is used to strike 
the object being worked, which knocks its edge against 
a stone upon which it is resting, and so a dny fra^rjent 
of the dbjcci flies off. Counier retouch requires little 
physical force, as apposed to pressure work, and pro¬ 
duces a steep retouch comparatively quickly on the edge 
of the blade or flake. It can he used to make a notch, or 
lake off an angle or projection or a large part of the 
object being worked or trimmed. 

Wc know about this method from ethnographic 
evidence. The effectiveness of counter retouch^ os welt as 
of retouch with an intermediary, has been proved by 
many archaeologisis, including ourselves, but convinc¬ 
ing traces on the so-iCallcd bone anvils, that really show 
use in counter retouch, are still not known to us. Bone 
anvils with traces of use iisuaJly were pressure retouchers 
or rests and supports in percussion reloucH. Experinricnt 
has shown that successful counter retouch can be done 
with a stone anvils such, as a pebble. 

Counter retouch bad a snag in that it commonly gave 
rise to accidental, imforeseeable flaking, chipping and 
cracking. So It could not have been used in all forms of 
fine retouch, especially in the manufaciure of shaped 
objects like barbed neolithic arrows or flint sculplures. 

c. Flaking bi pre^^Mire 

Amongst methods of working stone the flaking of 
bbdts off prismatic cones can be regarded as the Icasi 
studied. It has long been known to archaeologists that 
the flaking of prismatic blades was done not by blows 
but by pressure. However, the details have remained 
uncertain in spite of the fact that many students have 
been interested in blade-making. 

The de^Tclopment of blade flaking conshtulcs a crucial 
point in the history of Slone-working, for without it 
ancient technique would have been in a cul-de-sac. Its 
study is made difficult by the fact that blade flaking from 
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(jDics in. pracEicc no ca^y thing to do. EJoqu^nt of 
tit kastt is ih^t so far no archaeologist has been able lo 
produce flinl blades the practical way^ 

For this reason the theoretical side of the technique of 
pressure flaking lacks practical demonstration. Even 
now it is not fully understood how from an Isotropic 
material wiEh conchoidal fracture one could obtain 
prismatic blades of relalivety regular shape, that is with 
comparatively slight curv^ature^ Of course, ^uch a flake 
has a roughly regular geometric form only in transverse 
section. Its long axis very often has a slight bend, giving 
it a bow-shape, particularly if it came off a large core, 
but it has a negligible bulb of percussion, while undula- 
tions an? trifling or even absent. Sometimes the cores are 
almost regular, rnulti-scalcd pHsms. 

The problem of the difTerent methods of mechanical 
action in working stone has great interest at a theoretical 
level We know' from the law about the disiribution of 
warn in isotropic bodies {taking fluids as an example) 
I hat t he rrequenq^ of osctlfatiorL depends on the nature 
of the external impulse. A thrown stone Mling into 
water produces numerous concentric waves and even 
lurbuWnoe on the surface^ but a stone slowly immersed 
produces a smooth eircuJnr osclll^ttion. 

The example in a sense ilEustratcs the contrast between 
percussion and pressure retouch. Bolh mcthofls con be 
produced on glass. A blow on the edge of gkiss produces 
a deeply conchoidol scar and the thick flake breaking off 
will often hove a sliarp bulb. By pressing with a pressure 
tool on the edge the resulting .scar is much less concave^ 
and Ratter, while the detached Rake has a thin section. 
TIte cxperimeiii shows I hat in pressure the fracture line 
is compralively straightcr In an isotropic mass^ The 
opposite Is the case in a dynamic relationship. However, 
pressure requires incomparably greater force than per¬ 
cussion, because the power of the blow is magnified by 
ihe momentary conversion of potential into kinetic 
energy. 

The technique of blade-making relies on the use of a 
brief push or impulse. \i is quite obvious that blades 
could not have been obtained by direct blows with a 
striker-stone, as some students believe,^ The striking 
platform on ibc end of such blades show's 1 his: it is very 
small sometimes barety discernible. Traces of blows can 
never be detected on' ihe core's platform in optical 
examination of she surface, but careful preparation of 
this area before the detachment of each bladfc is at once 
recognizable. The preparation consisted mainly in re¬ 
moving the projections from its edge, the so-called 
^plalform fringeV left by the detachment of the previou-s 
blade. Preparation of the plalfonn was a necessary 


preliminary on the core to provide a resting point for the 
presser on its edge. The pressure point had to be as close 
as possible to the very edge and, when a platform for one 
reason or another did not offer scrv'iceable supporl for 
the presser on its edge, jr was improved by detaching a 
horizontal flake, that is partially removed. This was done 
mainly by pressure but also by percussion. Much 
depended on the core^s condition■ 1 f lEs side was stepped 
by the fracture of unsuccessful (incomplete) blades, a 
large flake, thick in section^ was struck off. Obviously 
thw reduced the size of a core and the length of the 
blades. The pressure method of trimming the plaiform 
was designed to furnish the necessary angle on which to 
rest the presser* 

The technique of preparing a core from a nodule or 
pebble, as welt as the different methods of Irimniing il, 
have been more or less worked out by archaeologists. 
A fair amount of work has been done on blade-ntaking, 
beginning with J. Evans and L. Capitan and going on 
up to recent times (F. Bordes, L. Coulier, A. Barnes and 
others). 

]| is, howev-er^ the ethnographic evidence I hat 
provides the most important and interesting mbuterial. 
Although it is true that ihc older tihnographcfs were 
little interested in problems of stone-working among 
backward tribes, yet whatever kind of evidence there is 
has been colkct^ and extensively used by archaeo¬ 
logists. 

Amongst the carliesL information of this kind that we 
can use is the short description of making obsidian 
blades by pressure amongst the Mc.xican Indians left us 
by the Spanish Franciscan friar, Juan dc Torqucmada. 
in \6i5^^ This description was first translated from 
Spanish by Taylor^ and^ as lalcr cited by Evans+ has 
become very familiar lo ethnographers and archaeo¬ 
logists. 

According to Torquemada the Indians worked in a 
sitting position. The conr was held bctw'ecn the feel, and 
a short pole with eross-pioce at the lop and pointed end 
at the Irnttam was nested on the edge of the core. By a 
quick push on the inslrumcnt with the chest and both 
hands the Indian detached a blade of the full height of 
the core. Torquemada wroie^ a result Rakes fly off 
like iwo-cdgcd knives and as regular in shape as If they 
had been cut off a turnip wrilh a sharp knife or forged in 
cast-iron. , . . By this method the operator in a short 
space of time can make more than a score qf knives’^ 
(fig. 6.1). 

Such a fleeting description left many important details 
unexplained which were not elucidated by a further 
description of gimlLar work by Hernandez in 1651. Fie 


' P. P. l.Kimenkoin hlk. |43>gp |i-, wfiriB EI 14 I were dcLucfarJ ‘by ttwartlorjl fetfiiht bldw wiEh P hJFnnicrUfllK". 

■ J". tic TiitqucMaila, MiTfU^rnfma fScvlEIc, HU SI. 
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itiadc SL valuable addiiion, which w^s that the Indiana 
worked on the obsidian core wiih a hard scmi-prccicus 
sionc before they went to work with a wooden prtsserJ 
He himself thought that they used the hard sionc to take 
the sharp angles olf the pSairorni and ed^ before estert- 
ing pressurCr Coulier and fiames considered that in 
addition the Indians scratched the platform with the 
stone to make its surface roughs so that the tip of the 
pressing implement should dot s!tp and break away 
from the pressure point.’ 

This type of record and other facts have given rise to 
The view^ that it was necessaf^' to give the core prepara¬ 
tory abrasion. Coulier carried out tests on blade-making 
from obsidian cores by percussion, using h short wooden 
inlemwdiary and a wooden mallet made of hard wood, 
ESarnes and other workers have made blades from glass 
using an intermediary and a wooden mallet? but 
deiailed nocourtl,s of this have not been published. Tliere 


are no documented accounts about tests on Hitii, which 
is appreciably harder to work than obsidian or glass. 

A rough surface on the striking, or rather pressure 
platform, of a core was obtained in some places by 
retaining ihc cortex of the obsldjun nodule^ which is of 
g^nular lexturc. Such cores have been found not only 
in Mexico but in mesolithic and neolithic sites in the 
islands of Melos and Crete and elsewhere in the Mediter¬ 
ranean. Flint cores with cortex pressure areas also occur 
in this period in northern Europe, India and south Asia. 
Ncv'crthekss cores with roughcniiig by abrasion or 
^crusty patches’ of cortex are uncommon. The most 
widespread method of preventing the preiiser from slip¬ 
ping vms to flake the platform^ which made the cd^ 
slightly concave, due to the conchoidal fracture of flint, 
obsidian and similar rocks. 

Rather fuller eihnographic information comes from 
thesecortd half of the nineteenth ceniuiy in a description 


^ A. €abrt*l and L CmlUcf, Soei^t^ rrancmiir 0 >#^2^ 

■ A. Sarrwi, i m/" eitkhtofff Sicitr, J 2 1 nH7>. 3 
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by G. Ellers, based on the obscrvalioms of G_ Catlin, 
the anisi ^ho Mved several years with the North 
Aaicfi^n Tndians.^ 

He wrote: 'The Ensimment used Tor this is a kind of 
tube or rod 2-3 In in diameter and of vary^ing length 
from 30 in to 4 ft depending on need. The stick was 
fitted with a bone or antler tip in its workini end, lashed 
dn with sinew or raw skin to prevent the stick from 
splitting.' 

The core of obsidian or chert, according to Sellers, 
was set on hard ground and gripped between the 
operators feet. If the work was done sitting the presscr 
w-as shorty if standing longer. 

Sometinies the core was gripped between two strips 
of wood as in a vice. The ends of the wooden blocks 
were bound strongly together by rope or rawhide. The 
craftsman stood w'ith both fcei on the blocks, and 
pressed with his tool on ihc unyielding core in short 
powerful movements with the full weight of his body, 
Ihc top of the tool held against his chesty The bone or 
antler point of the pnesscr rested on the core's platform, 
which had previously been trimmed to a right angle so 
iis to prevent the tool slipping. Usualiy at the pressure 
point thecore^s edge was slightly raised by percussion or 
pressure trimming of Its platform, as has bKH described. 
As a point for the tool walrus tusk from the extreme 
north wasespocialty valued. 

Among the tribes whose life was described by Catlin 
there was a division of work in the mnnufacturc of 
prismatic blades. One group of people specialized in 
obtaining the raw material, nodules ofobsidian or chert; 
others prepared the cores by removing the cortex and 
making the pressure platforms: while some were 
engaged in flaking the blades, Fti ancient Mexico the 
preparation of differeni kinds of blade tools by retouch 
was sotixtimes done by dilTercnt crafismen. Sellers, 
again basing his information on Catlin^ described 
another type of presser made from the stem of a young 
sapling. A tree with two low bninchcs was selected, one 
near the root, the other higher up on the opposite side. 
The branches were choppi^ off to leave short slumps. 
To the upper orte a heavy stone was attached to increase 
the force of the pressure. As for the second stLimp^ the 
lower one, it was struck with a heavy club. The blow 
would be giveu by the craftsman's assistant, who stood 
opposite^ if his Own efforts hud not successfully detached 
a blade, and the blow was accompanied by a short hard 
push on the piesscr. In this way by The action of two men 
blades 10-12 in long could be del ached. 

According to Marchead some Californian Indians 


made blades by blow's of a nialkt on a short presser, or. 
more strictly, an inle^TK:di]i^y^" 

Catlin described a similar method itmong the Apache 
JncHams using the tooth of a sperm-whale and a 
mallet, the looih acting as ats intermediary. The whole 
Operation was done in the hands without rrsiing the 
core on a hard body: the operator held the core and 
intermediary in the left hand and the mallei in the right. 
Sometimes ihe work was done by iwo craftsmen: one 
held the core in his left hand and the intermediary in his 
right, while the second delivered the blows with the 
mallet- The work was carried out to ihc accompaniment 
of chanting. 

We must leave the ethnographic evidence. The facts 
described form the basis of present views on the sort of 
practices emplaycd in blade-making. 

Sometimes in the western nteraturc stone pressers 
hn\x been recorded. For example Muller identified 
several late Hint tools wiih Iraoes of use as pressers or 
reiouchera.^ G. dc Mortillet, referring to prcs.'iers, put 
them in the category of schist pebbles, which in reuJity 
can only be rciouchers. Other examples could be given, 
but the facts adduced by I he authors arc casual ones 
without clear classification: commonly retouchers or 
strikers arc confused with pressers. 

Before turning to the results of our laboratory e.xpcrb 
men IS wc are bound to confess that ihc archa^logical 
material does not wholly scjuarc with the impressions 
derived from ethnographic sources. Amongst innumer¬ 
able bone objects of dilTeren! types from the palaeolithic 
and neolithic periods we have not been able lo identify 
any that could have served as pnessers. Bone retouchers 
arc found already m Mdusierian levels, but pressers are 
virtuoily unknown to us. 

On laic neolithic siies archaeologists have found 
either the components of retouchers or comp Fete ones- 
A bone tool from Brittany can be referred to this class 
of retouchers, found in ihc encolithic site of Er-Yoh on 
the island of tlouat. close lo the megalithic area of 
Morbthan.^ Its handle was made of a long bone of a 
large animal with the epiphysis cut away, and set inlo 
it WTii a thick bone plate dig. 1 The overall length 
of the tool was about 25-30 cm. The authors record that 
the plaEe was damaged from pressure on hard objects 
with a sharp edge. The handle was polished from friction 
against soft matter, e video ily the skin of I he hand. 
Vayson dc Pradenne and Breuil identified it as a re^ 
toucher for working stone arrowheads, comparing il 
with Eskimo retouchcfSr 

Tools of deer antler found in later ncolilhic graves in 


” Ci. r_ Seller^ ^lunun/' /tirport iiftkr SmlikuitiiM I '(I^SL|ip.-lt?l'-l9J. 
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ihc Angur, Lena and Selenga aitas, shaped Like rods 
9-12-5 cm longt sLioiild also be considered as retoLichers 
for pressure retouch, but noi as pressers for blade- 
makmg,* 

Cores have Ijecn submlLied to jnicroscopic tJtamina- 
lion, mainly from Kostenki E and tV, Timonovka and 
Slian-Koba, which have shown interesting traces on 
their platforms. These consisted of hol^ that Is very^ 
small depressions or hollows, as wcU as cracks and 


scratches, o I ways grouped around the edge of the plat- 
fonn and only in rare cases e^iiending into the centre. Li 
must be noted that holes were always combined in one 
area with cracks or scra tches; single cracks and scratches 
without holes did not occur. 

This indicated that the holes were trai^ of pressure 
on the platform left by ihe working end of the presser^ 
The crocks were arc-shiiped, setniHrlrciilor and some¬ 
times closed up (irregutordreksX iflhc point of pressure 


^ A. P. Ol^lAdnJkov, ttmiMtnrmrirti dH tkt Arrhu^iiluj^y qf th^ l/Jf J.JT, *J ( Ift- IT. 
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M a/ tkf prry^ttft area tm m ttpper palii^oltihfc blade platform {cracks, hates atjd 

lentifhes) from Koifenki f 


had been further back froin (he pblfurm's edge. These 
cracks were produced if pressure wu^ in5u^hcical ta 
consummate the act of flaking or if the pressure point 
h ad been badly chosen . 

As for the scmiches, sometinircs single but usually in a 
group or whofe batchy these were caused by the presscf 
when ils working tip lore ofT the pressure h™ and 
slipped ofT the platform. Not one but usually several 
scratches kd away from a hqk. This may be explained 
by I he end of the fiinl prewer crumbling w hen it was 
damaged by the sharp angles of the plat form (hg- 7J). 

The platforms of several cores from Shan-Koba were 
exceptionally reviealing in tbek combinalions of holes 
and cracks. There was no trace of ibe action of fire over 
(he whole area covered by crackSp which is rccogni/Jibk 
by h& nci pijttem. In this case all the cracks were 
dispO!ied around the edge and were orc-shapecU open 
towards the edge. The hp was smothered by innumer¬ 
able projecting splinterscuiiscd by repeuted unsuccessful 
attempts with the presser. Splinlering is a normal occur¬ 
rence on atmosi rill cores, but what is noteworthy Is the 
persistence of the craftsman, who after one unsuccessful 
attempt to dcEach the flake, repeated it numerous tltrics, 
still without result. When the edge was splintered and 
broken he moved the end of the presser back and exerted 
it several limes in ihe centrep befone he finally threw the 
core away. The pressure traces in the centre of the pkiL- 
form me not arc-shaped but irr^lar rings (fig. 7. K 2). 

During prelimiimry observations doubis arose as to 


whcEher these traces mighl be accidental, due to fire or 
some other factort and even that all the holes, scraiches 
and cracks wtic the result of rougiicning of the surface, 
as was sometimes done in Mexico. It was obvious that 
these marks owed their origin to hurrian action carried 
oui not with o bone, still less a wooden, pressor, but with 
an instrument that could not have been less hard than 
the material itself, t.c. fiint. 

The KMcgree hardness scale of Mohs used in science 
is based on the principle of scnmdiing, a harder mineral 
ftcralcbing a softer one. In pmcticcp naturally, minerals 
of equal hardness will produce marks by scratching on 
each otlier, hut this requires a good deal of force when 
hard bodies are involved. We have very often made a 
mark with flint on flint which was vislbk under u 
magnifying glass. 

After estabhshirig thai the Iraocs on dw cores hiid 
been produced by a vciy hard pnesser we turned our 
altenlion to I he study of the plaiTorms on the blades 
themselves. For this a scries of blades was selected 
from Kostenki 1 retaining their platforms Just as xhey 
were after leaving the core. They had neither traces 
of reiouch nor use on them, so the evidence of detach* 
ment was unaltered. Wilh a binocular mkroscope 
observations were mode at u magnification of ^5 , the 
pressure platrorms being treated with a viokt colori 3 er 
to bring oui the traces and intensify contrasts in the 
marks observed. 

Examination of the pressure platforms revealed four 
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k\r^ of t^ce: cracks ^ind crushing, on 

the rim. Tli« scratches crossed the narrow plutfonti 
diagormny (from right lo kfu. the blade held uprighi as 
ii in the monwsrjt of fUking, i.e, with dorsal side 
away from the opcnitgr. These scraiches siorl wide and 
become nurrdw^ indicating like an arrow the direction 
of the presscr's movement in the hands of the operai,or. 
Their depth is evidence not only of the use of Hint as a 
presser, but also of the greai Torec applied; while their 
diagona] direction (right to tefti shows that the man 
worked with one hand, the right one. 

Thc iiolcs and cracks around ihcnt indicated ilie 
nuinbcr of cxeriions with the pre^r on the pbUorm- 
In sonic cases the number of holes and cracks was krge, 
up to several dozen,^ showing that I he operator had had 
to c\pcdd no little elTort before successfully detaching 
the blade. The crushing tsplinteHng) an the outer edge of 
the plaifomi (dorsall confirmed ihis. There were no 
marks of retouch or use whatever on ihe blade. whicJi 
WAS fresh Hiikcd with sharp razor-like edges witl^out a 
single scar, and yeE the pressure platform was crumpled 
on one side, and covered with minuEe cracks and ridges. 
The presence of holes, scmiehes, cracks and crushing 
testifies to the fact ihat Ehc opentEor using the core 
repeatedly exerted pressure before producing a success¬ 
ful dctachiTient, in order to find a favounible spot to 
apply his siren|ih. Only in rune instances did he detach 
a blade at the tirst exertion. 

The four categories of traces enumerated (xjcurred in 
various combination.^. Sometimes scratches and cracks 
preponderatedL sometimes holes and cracks; rarely was 
there only one typ^- Much depended on the shape of 
ihc platform and its angle of declension. Scratches were 
mom numerous on plaironns whose angle of declension 
did noi allow use of the full force of the presser^ becaui^c 
it broke away and slipped oft. The pbtform of a blade 
from Kosienki I can serve as an example. Holes 
preponderated where Ihe edge rises, so prevenling 
the presser from breaking away or slipping. Wc can see 
such an example on a broad hbde from Kostenki I 
9.2, 5.1, recaliing a Mousterian flake, but produced by 
pressure instead of percussion. Here tlverc are deep ho les 
with liitlc cracks^ or without them, but very slight trace 
of the presser breaking away. 

One can illustrate the combtnation of the Iwo types of 
plaiform On one blade ifig. 8). Here mi one half we see 
scralchcs with slight, almost un noticeable holes, and on 
Ihe other more marked botes enclosed by cracks. On this 
large irregular blade, in the flaking of which a lot of 
lime had been spent, we Uuve, in factK Iwo pkitforms at 
different angles to each other. Blades are found on 
whose pressure ureas there are neither scraiches, holes 
nor even cracks, or albeit very few. Such blades were 
dciached from Ihc core by almost first or second exertion 
of the pn:;^r. 


Cnyss may be not^d where attempts were made to 
convert fragments of tools Into cores. For example on a 
fragmcnE of shouldered point from Kostenki I attempts 
had been made to detach blades, but the dried-out flint 
woukt not allow it (fig, 10,1-31. Traces of pressure from 
a Hint presser fhoiesT scratches and cracks) are visible on 
the tang, as wtH as facets on the dorsal side. 

How do we reconcile the results of microscopic 
analysis with the gcncntl view of pressure Huking us 
having been done with bone tools? Perhaps there were 
two li^ic operalions m the production of blades: first 
work with a stone presser on the plaiformi and then the 
final dctachmcnE with a bone tcx>L But such a conclusion 
does nut tally with the sum of the evidcuce. 

At Kostenki 1 the primary working of the Hint had not 
been carried out on the site. The flint was obtained 
outside in a deposit wlicre the blade-making was done, 
and the blades were taken as rough-outs to the scttlc- 
ments. There the blades underwem secondary treatment 
according to need, that is they were shaped into tools by 
retouch. The absence from Ihe site of cores (apart from 
certain unebaracteristic examples}, strikers and Him 
retouchers show? iIiish For the biEer were substituted 
slate and bone retouchers. 

The rare examples of flint retouchers found on this 
site bore all ihe signs of use in working HEni tools: large 
paichci^ of starred surface and polished areas (from 
ffictiOES against the skin of the hatiiJj, numerous cracks 
and scratches, and 1 races of splmtermg from strong 
pressure» ‘fhose retouchers were probably used lo some 
evlont as presser?. Thanks to Ehcir rough surface they 
would not have slipped in pressure on the core, but would 
haw held firm on its edge. Tlieir circular or oval shape 
lent iEself to free pressure with the hand for the strung 
physical ciTort demanded in tpuching up plalforms 
tfig. [I D. 

In blade flaking the core did not rest on a stone 
support, for the lower^ and usually conical piirt, of cores 
dtics not show traces of crushing and splintering, nor 
signs of pressing on a very hard objea. SupporE for itie 
core w-as evidently supplied by wood dr bone which 
would Icaxc no trace. 

An essential feature in blade flaking was the shape of 
Ehc core's base. The direaion of Ihe force of the presser 
from above could nor Cdintide witli f hc resistance from 
the rest below, tf the base wm Hal, like the platform, the 
fluking line (fracture line) would not foBow the desired 
direction, and as a result the core could shatter or shed a 
short flake. When a core was originally cylindrical the 
craftsman deliberately made its base obliique, [hat is 
coniciil or chiscl^baped. The bludc came olT with its 
Eow^r end slightly curved underneath p and m a good core 
the blade's central arris and its side edge met in one 
point at the base. 

This description of tliecxEernal aspect of the opcralioti 
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cann£>t re^nealc the work m a whole. In blade fl^iking 
critical dynamic and kinematic factors arisc^ whkh 
could only be worked out by prolonged expenments. 
for they leave no evidence in tl^ traces. 

The shapes and dimensions of the pressers un¬ 
doubtedly depended on the core ske. Meolithic cores 
from Siberia, commonly of chalcedony or agate pebbles 
ihe size of a watntii, would ret[uirc sm^L pressen. There 
are grounds for supposing that pressers in blade flaking 
were composite tools consisting of a bone handle and 
stone point. 

Microscopic study of pressure areas on cores and 
blades has introduced serious corrections into our 
picture of the technique of blade-making. However, the 
problems cannot be regarded as ODnclusively settled 
until prismatic flint blades have been actually made in 
tests in the Jaboratory , 

Upper palaeolithic Hint blades were only rough>outs 
from which end-scrapers, burins^ whittling and meat 


knives, needles, drills, awls^ lancehcads and other tools 
were made by pressure reioucfi. In mesolithic limes they 
were divided into triangular or trapezu-shaped segments 
for insertion itLlo composiie lcnjve$^ spears, harpoons 
and arrowheads, as we know fton\ examples In southern 
Europe. Mesolithic hunters of the Swidcriam culture of 
eastern Europe made small leaf-shaped arrowheads out 
of blades^ but they also used them for other e:vetydBy 
purposes. Blades w^cre rarely used in the Stone Age with- 
oul retouch, but compostie neolithic knives, diggers and 
Spearheads are known whose edges were made from 
micro-blades struck from small cores and mounted un- 
retouehod. Characteristic examples of such are the 
insertions in the tools of the Lake Baikal area, and a 
diigger from Glen island (Lake Onega). The use of 
almost whole blades for insertion can be explained by 
the pecunantks of flaking micri>-btadcs from miniature 
cores. On micro-blades the conehokkiJ fnicture is barely 
delectable, as the blades came off as almost struight 
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gccnictritiilly fcgiibr prisms with ihin raz-aplik« ed^es 
whkh coufd be mouriltd in a groove ir> bane aJmosi 
without trimming or retouch. In upper p.alacoLithLc 
times such composite objects are rare, bat we know of 
them from u 15nd at Tahtsky on the River Chusov anti in 
Amvrosievka. 

An intcrmcdflite position between percussion and 
pressure flaking in working flint is the meihod known as 
the burin blow. This name is apptied to Ihe method of 
nuking burins. It consists in fluking part off a blade edge 
venically, commonly by a blow, os shown in medial 
huiirts and the steep scar on many angle-buriits which 
urc splinter-]ike, although manv unglc-burfiis were also 
niade by means of pressure flating- 

How'cverf a burin blow was not used only in making 
I he tools whose name it bears, for ]t was very often 
employed instead of ^[cep blunting retouch on blades 
of upper palaeolithic knives to provide a place to hold. 
In the same period this method of pressure flaking was 
used also as a means of obtaining rmicfo-blades. The 
peculiarity of this method of work is that, insiead of 
u^ing a nodule or pebble as a core, \i broad huE short 
prismatic blade or a fragment of a large blade w as split 
length wap into two or ihrec pieces. We can sec ihis use 
of burin spalling to gel mkrrobladcs in [he kirge series 
ofeoies^ rough-outs and objects in the upper palaeolithic 
site ofKostenki Iwhere the micro-bludes have a high 
back and are ihick in seel ion. 

Jn Kostenki IV small sharp needles fawls) and tiny 
knives (lancetsl were made from those micrcKhbdcs by 
fine pressure retouch to remove the sharp edge on one 
side* probably lo provide a rest for the index Hngcr, On 
some of the edges [here were small notches. Other detaiU 
of the secondary working of mtcro-felades were of 
inicrest. 

In addilion to the ordinary run of tools, the manu¬ 
facture in Koslenki J V of these minute flint implements^ 
which are counted by hundreds, indirates some tendency 
towards specialization whose chametcr fs slill not under^ 
Slood. 

d. BriHid pressure relnurh and Ihe protileni isf tht 

vo-caJled Solulnmn fethn;Ei|uc 

The ieehnii|ue of pnssure rciouch, as is well known, 
arose in a rudimcTitary form in Moustcrian limes, shown 
by finely worked points, scrapers and other lools, as 
welt as by bone fcEouchCTS with traces of pressure on 
their edges. Even antong the Hint lools from St .4chcul 
of the Acheulian period some of the simplest spccimerLS 
made on flukes show evidence of shght pressure retouch 
on 1 heir edge.’ 


in widening the scope of its applicaiion man did not 
confine Ihe use of pressure to merely irhnming and 
strengthening the fine delicate flint bbdes into the 
tools* which came into genera] use EO upper pafaeol Ethic 
tin>es with the adoption of narrow' blades for roughs 
outs. He went further and tried to use I his technique for 
changing the fonn of Aims to give the object an aJicrcd 
shape, Inihis way arose Ehe so-ealled Soluirean retouch. 
The pecuhurtly of this is iluii it was a mcihod of pressure 
on the edge of the flini rough-out, used by upper palaco- 
iJihJe man. not just to remove ttny flak« iind alter the 
angle of Ihe point and shape of the blade, bul also to 
lake dITlarge and relatively thin flukes front the surface 
of the roughn^ui. In OEhcr wonls it increased the ptastk 
possibilities of SEonc working. By this means the 
irregular rough-oul could be given a desired thickness at 
any poinl, made flutter, Ihe end shurpened^ ihc curve 
taken out of the top, edge or base; this or that kind of 
notch made; a handle, lang or shoulders formed, and so 
dn. This was partfcularly important In making spear^ or 
dart-heads, as well as double-edged knives. With all ihe ir 
advantages blades had one obvious snag: us a rule they 
were curved along their long sectidn and so were more 
or less bow-sluiped in proftle (Itg. 111 - 3 >. In order lo gel 
a straight tool the blade had to be basically traniformcd 
by removing a good part of it with fiat pressure retouch. 

To make a spearhead the blade hud to be whiitled 
dow n ciiher at one or both ends from the ventral face, as 
this was the inner side of ihc chord made by eIvc blade 
dig. l!Ld- 6 k On the lop surface retouch was applied 
ji^t to shojpci] up th e end. 

Consequently from brge and medium blades one 
could get SI might tools only by shnriening and retouch. 
Small blades detached from small cores and used in 
palaeoliihrc limes for insertions in comfKrsiie locils were 
an cKcepiion and very often had a straight axis. The 
object of bifacial work therefore was mainly lo produce 
straight tools. Naturally this quality was p^rttculurly 
needed in projeetik heads and certain typ^ of knife. ^ 
We can understand why the exicnsive use of arrowheads 
and flint knives In neolithic times jici|uired die perfection 
of bifacial pressure retouch. 

It was not Ju^l when projectile heads ond knives had. 
to be mude from curved blades that bifacial pressure 
retouch was needed. Beth in palaeolithic and ucohlhle 
limes the characier of the raw rmierial rnrghi require iis 
use. If tabular flini was employed, which prevented the 
use of a large core (becouae veins of flinE are often very 
thin, uneven and twi.sled, with cretaceous or linvc crust 
on both sidesk no other course was possible cxcepi the 
ii.se of bifacial retouch. The material from Ehe lower 


' A- M. HasiKheV. .^f jii-i-Pi/j AnJ thr AfrAatnlo^r of thf V. S S. ff,, (J 95fI, f 4i 
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layer of Koi^tenki I may an e^^amplc of the 

Lina voidable use of this on nearly all the [Ools; the 
coloured tabular flint used at this time on the site was 
of local origin and had very cramping characieriSEics. 
Prcparaiion of a knife from such flint could not be done 
without bifacial workirtg> as the cortex liad flr^t to be 
removed from both faces of the block, which was done 
by pressure retouch. Due to ihe adoption of this 
Ecchnique and the quality of the maieriaJ eJtc beat 
specimens of tools from the lower layer of Kosteiikj 1 
rival neolithic ones, while ar (be same (ime ihe less 
successful exampEcs arc pretty rough, recatling archaic 
types of middte palaeolithic times made by bifacial 
percussion work. 

In making the rare examples of Soluircan points of 
large sixe inbular flint was also used. One of ihcsc was 
the broken point found at Kosienki IV in |9J7 by A, N. 
Rogachev, which was 20 cm long. ^7 cm broad and 1 4 
cm thick, carefully retouched so that no remains of 
corECx were ikiectable on it, Yet itx straight proflIc and 
great width indicate that it was rnade not from a blade 
but from a ptece of tabular flint, os was evidently the 
case with almost all the large laurel-leaf points of 
Solutican type, as well as large neolithic points. Conex 
can be seen on the surface of laurel-kaf points Found by 
Oktidnikov in the graves of the Serovsk oemeEcry 
{neolithic period in the L. Baikal area). 

Once started in upper palaeolithic times the technique 
of broad, flat pressure retouch was not confined to mak¬ 
ing points and knives. Spearheads of Solutrean type, 
shouldered points {or knives} of ihe type of Koiitenki I 
and Avdeevo, and leaf-shaped points of the Tdmansk 
type are rare, but trails of pressure rciouch in a less 
conspicuous form can be seen on fllni tools from nearly 
all the sites- Ditferent kinds of flat retouch irimming 
rinacctirutcly cnlted ^snipping") may be seen scry Dflcn 
on the back and front oF blades, on core pblfonris and 
on the surface oFblade rough-outs. Lt will be understood 
that by the term 'presure retouch^ we mcati not only the 
flat retouch typified by that on Solutrean pofnhi, but 
retouch by pressure found on a variety of objects- 

Pressing relatively large, but thin and flue, flakes off a 
flint surface is a icchniquc that may depend os much on 
Ehc physico-chcmiciL properties of the material as on the 
method of work. Flint taken straight out of a chalk 
deposit contains F5 per cent moisture^ and this is the 
most favourable condition for flaking and reiouch. A 
boulder or ris-cr pebble that has been exposed to the sun 
does not respond so well in working. Such maleriat 
yields short blades and flakes or shaticrs, and develops 


cracks that alter the ilirection in flaking and retouching. 
The on anefocts utdried-out flint have an angular 
splintery^ look. The loflt plastic properties of dried-out 
flint can evidently never be fully rcoo^'cmh. hut there is 
some ethnographic evidence that flint, chalcedony and 
agnle pcbbl^ and bouldeix of oEher rocks^ after pro- 
longed soaking in water or burying in damp earth, 
become more suitable for flaking and retouch, in 
contrast to similar pebbles and boulders that ha^e noi 
undergone ihii preparatory treatment. 

Broad presaure retouch has been a?t lutte studied m 
the icchnique of blade-making. In the ethnographic 
litetaiurc Ehc problem of prcssuic leiouch is hardly men¬ 
tioned, while researches by archaeologists In this Held 
hukvt been modest and comrovetsiaL 

From what one Icojtis about pressure retouch in the 
literature on the Eskimos one tnay conclude that re¬ 
touching of stone tools was done with bone retoucEiers.' 
The latter sometimes had a wooden handle whose broad 
but I allowed the palm of the hand loe.xcrt considcrabk 
physical force. The working end of she retoucher was 
pointed, and someEimcs a bear's canine was used as the 
tip, the point being kislied with thongs or sinewy to a 
wooden handle. The rclcucbing was done by pressing Ihe 
end of the instrument on the edge of the objecE. In 
certain eascs^ when a much greater force was required 
than the hands could give, ihe Eskimo pressed on ihe 
butt with his shoulder. As a rule the object being worked 
siood on a wooden re^t^ or was held agaio^t it. 

Of great interest is the wall painting on the tomb of 
the Pharaoh Amen of the Twelfth Dynasty ai Beni 
Hasan, where the final stages of making flint knives arc 
depicted.* In this picture (fig- 3) a group of slaves is 
shown working under an overseer, each holding two 
objects in his hands and kneeling with the right knee 
dinwn up to his waist, ihe kft on the ground- In one 
hand he holds a crescentic ubjoci and in Ehc olhcr u 
slick about 50 cm long with a pointy and m front of 
each slave is a kind of anvil. For a long time ihe picture 
on the tomb of the Pharaoh Amen waii 3 puitzle, but it 
is now regarded ais a representation of u workshop for 
flint kni^^. 

The attitudes of ihe workers and the position of the 
objects Is iwiable, but they show ihat the slick with its 
point on the edge of the worked object was held erect. 
In the opinion of Barnes the retouching was done not by 
pressure of the mtoucher bm by a slight blow or knock 
of the lower edge of the knife against ihc w^ooden anvil, 
while the bone or antler point df the retoucher was held 
against its top.^ 


' J. Mufdoch. AtW IJSlj. jtp. 

' F. Griffith, IIWfrKrI IH. Ja-3 J, pi. vii-vUi. 
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The iruidec^HEikCy of our knowli^dge jiboiil Ihc [jcchnicaL 
details of retouching, which for ihousands of years 
ptiiiyed such an importanL part in the work of arKicnf 
man. is brought home to us by the above account, tn 
fact, this would be counter reioucht but a wooden anvil 
against which the lower edge of the knife is struck would 
not detach a ftnkc belo'v. w hetc ilie bounce cffeci would 
be softened. The flake would only come otTai the upper 
edge under the action of the bone point of the retoucher. 
Wood was only an au\j1iary ijgent in this operation. For 
one cannoi a^ec with a number of wesicm archaeo^ 
legists, who seek to confer an important status on 
wooden tools Jn the technique of working stone. 

For example, Bordcs after eanying out a v'anety of 
tests in dressing, flaking and retouch^ using strikenL. 
retouchers and pressers of wood^ concluded that 
wooden tools had placed an imporiani part in ah 
processes of stone-working,^ Fven bearing m mind That 
tic used such solid woods as ocaccia, oak and box it Is 
difficult to cDMcedc that hard materlak, like Hinl or 
quarizitc, could htive been suDocssfuHy worked with 
wood. Our own experiments in no way confirm this. 

With a very quick and hard blow fiinl Can be splil wilh 
a wcHXkn niallcu because In this case the cITccI is pro¬ 
duced by the grcal rupidi;ly of the blow. Even here a 
positive rcsoh is dchicvod only when a suiiabk ptiini has 
oecn found for the blow. Ordinary slant mg retouch can 
be produced by hard wood working a thin briiilc btadc 
edge. It is W'ell know^n that wooden linkers, con be 
successfully used an such malrriats as obsidian, glass 
and meUillic slag, which Hordes used in his tests, but as 
regards blade-making by pressure or broad and steep 
pressure retouch, these operations cannot be cxcaatcd 
on flint with wooden inoLi. Hordes himself fell obliged 
to recognize that the (xjnclusions he reached could not 
have coricsponckd with historical reulity.^ 

In labomiory examination of flint points, daggers and 
other lodis wilh extensi'.-e pressure retouch (races of 
action by very hard pressers base been idcniilicd, which 
could not be derccicd elsewhere on the btade. These 
traces were often sittuil^d on the retouched surface and 
appeared as abrasions caused by the retoucher breaking 
□waVn slipping at right-angles to the blade edge Jirid 
so knocking against the amses of the facets. Sumelinies 
the abrasions had the appcajunce of shiny stripes. 

Where the actual traces of pressure were visible as 
dots and cracks fon large objects where the pressure 
platforms survived) al] the marks of work with a flint 
presser were clearly visEblc (fig. 13,2, 3), The same may 
be said about some traces kfl from steep retouch. 
They consisted of abrasion or even scratches which 


would onlv have been made by a stone retoucher 
(fig, 13.4, 5), 

The insirumcnts for pressure nstouch mu.st have been 
\xvy varied both in maicriaJ and shape ^ Broad or ruuTow 
retouchers of long bones, ivory or unlicr were used for 
Jighc work, as web as slme and flint retouchers 14 
and 15). Maiiiy types of flml retouchers were employed 
for penetrating retouch: notches, sleep cdgc-fnoeis and 
cdgc-loDihing were made witli these by working out tlirc 
shape requir^^ 

As is well known, west European archaeologisli 
atioch a special signifkance to the term ^^lut^ean 
retouch', defining by this method cf work a special 
division of the late palaeolithiiC period and even dis¬ 
tinguishing tribes of ‘Solutrenns" who are credited with 
a deiinitc pjapc in history. 

When G. dc Monillct onginnliy employed the tcnn 
he referred simply to a special technique^ placed by him 
at the beginning of the devdopnienl of the upper 
palaeohihic period. Laurel-leaf and shouldered points 
had been rcgaided as the basic^, and probably only types 
of tool pri^uced by the charactensEic technique to 
which Moilillcc added tanged paints and thin flint awls, 
Subsequently 'blades with batEcred backs\ a very inap¬ 
propriate phmse, were referred to this culEure, although 
ihciic additions cannot be Tcgunkd its fundamental, for 
the objecu referred to are found in sites of difTefem 
periods. 

Having conferred the title 'Soluire' on a cultural stage 
belonging to the beginning of luEc palaeolithic timers 
Mortillet sought to find evidence of it in diflemnt areas 
of France and other eou nines. Only finds of hi racially 
worked piirnls vvere used as evidence, 

Subsequently H. Brtuil created a new' division, the 
Auhgrmcian, preceding Ehc Solutnroii which was now 
regarded as falling within the full flowering of the upper 
pulueoltthk period. The Sulutrenn was folkjwcd by the 
Magdalcnian s^tage w hen bonewurk prcponderaicd. 

Under the innuenceof MortiNet's vkws archaeologists 
began to seek out traces of Aurignaciait, Sotutreari and 
Magdalcnian cultures in eastern Europe^ Asia and 
Africa, assuming that human S4.7cicty in each part of the 
world must have passed through these stages of develop- 
menl- 

However, taler archaeologkal researches have re¬ 
vealed that, not only In the non-European countries, but 
even in Europe itself the mntlcr was a gotKl deal mote 
complicated. It was found thnE in many coses the 
sequenee of cultural deposits did not Coineidc with the 
accepted scheme: Aurignoc, SuluExe, ^!adclci^^e.• In 
Kostenki I bifaciafly worked tCN:>ls occurred in the lowest 


* F, |fc:ird«,4\'frtrAr?vM<ri^^-?, pf. 1-^- 
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ifiixihi layer, and in Telmnn^k tools of mature micro- 
lithic rorm underlay layers with tooJSp which in the 
npinion orEfirnenko, tiad 'unusually archaic iraits'. 

Efimenko wrote: “From ihe evidence g^ven above it 
appears evident that the lower pakeoloihic Icvefs of 
Telmansk, of whose greaE antiquity thet? can bend kind 
of doubt both for strut Egraphical reasons and on account 
of the urclmic nature of the industry, have nothing in 
common with cither Aungnucian^ Solutreun nor 
Mousierbn industries. An essential feature of those 
levels arc the wtII made blades, testifying to fairly accom¬ 
plished nwthods of flaking llint^ and also numerous tools 
of mjcroliithic form/^ 

There are grounds for expecting Ehat as the study of 
strutjfkd sites advances the inconsisienctcs of the old 
system wlH grow even in France* in the very material 
on which Ihe scheme was establishcd.- 

Therc can be no doubt that the separation of a 
Solutrean culture a5 a kind of independent phase of the 
upper palaeolithic period on the single basis of bifacially 
worked points w^as an error of G. dc Moctillct, which 
has rendered mure dfJicult the sol ui ion of a w^hok 
senes of problems. 

The theoretku! dinkuliies in resolving these problem* 
were still more increased when cenatn archaeologists^ 
follow ing U. Breutlp began lo assign to I he upper 
paLacolithk cultures fAurignac, Soluire, Madeleine^ 
ethnical ^ignificanDe^ relating them to particular tribes, 
and explaining changes of cultures by victories of new 
invading tubes over the old ones. 

Taking into account the numerous records of casual 
octurrcnces ol' points, both geographically and strati- 
graphically, some archaeologists have rais^ the matLcr 
of the debatable significance of the Soiutrian leaf-^apcd 
paint as a chronolagica! and historical factor. For 
example Wert was v’cry sceptical about ihechronologkal 
value of the Solutreun and Freund* who has written a 
large work on this subject, osked: 'Can we speak about 
Ehe culture or cultures of leaf-shaped points, or oughi 
we to think of a type of object arising for definite 
technical reasons in difrerent cullures at various times 
and in various places? Noiwithstanding its technical 
perfection and value as a weapon, for somse reason or 
another it passed away^ later to revive and flourish in 
neolithic times, and even today Is in use rnneng modern 
pri nii live peoples' 


In constructing a scheme of development of matefiai 
cuhurc on the basis of the evoluiion of the working 
tools it is esscnthil to explain properly what is meariE by 
advanced and progressive, and whaf by backward and 
primitive, in relation to palaeolithic tools. Such an 
approach has not been worked out hy v^estern archaeo- 
logEsts, although, in so far as it is hosed on comparison, 
they have already used it in dividing the palaeolithic 
period into lower (Cliellcs-Achculk middle {Moustierj. 
and upper or Late (Aurignac, Solutre, hfadeteine). 
During these three periods the development of lools 
from simple lo the more complicotcd form was clearly 
illustnded in some areas* like Europe or north Africa, 
by their more finished shapes, for they extended over a 
very great length of lime. But once students attempted u 
finer subdivision^ to split each of those periods mio 
siagcs of development, they ran into difficulties. Tlicy 
have commonly seen decline and decay where there was 
undoubted progress. Thus Mortlllctt for cxiinipic, saw a 
decline and degeneration in M agdalenian from Solutrean 
looU which he regarded as the acme of pabeoliihic 
work. This kind of evaluation of tools uses anistk, not 
Lcchnoldgical standard*. The bifacial work of flat points 
by pressure reiouch created un imptitsston of consum¬ 
mate skill, but technically this mcEhod of work merely 
arose from blade-making by pressure, a methcHJ which 
had been in realily the highest achievement of the upper 
palaeolithic period. 

Pressure retouch in upper palaeolithic timei can 
certainly be regarded as a higher level of bifacial work 
m cornparison with the lower and middle palaeolithic 
work of Ihi* type, yet it was not this that made the 
period, so to spi^. for il was merely one side of tinorc 
iifiportant achievements of that rime. 

Bifacial pressure retouch on Solutreart points, os wc 
have seen, was produced by tv^o conditions: by u need 
for straight stone tools (points or knJves)* and by the 
character and quality of nvnliable flint mnierinL 

This reiouch is not therefore any kind of criterion of 
an upper palaeolithic stagf, as Mortilkt believtid* nor a 
tribal haltmark^ a* Breuil assumed, hut nvi^fely a 
technical device, which man could have eniployed nt 
any point of titne in the upper palueglithie period, If 
prompEed by Ihe needs of diiiy life or by ihc quality ot 
the material av^ailable. 

In the neolithie and early metallic periods this method 


‘ IWSLp. 'i*. 
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of working $ilic«oy5 rocks was «?itcnsiveJy employed 
and rcaeli^ a high lev^i of development. Anfow- and 
dan-heads, nipeal knives sickks. daggers, large insertions 
for composite tools, drills and awls, side- and end- 
scrapers, rough-outs Tor ground tools Coxes, odzes, whitt¬ 
ling knivesir sculptures of clialeedony^ ogotc and hum- 
stone (products of nrlistic aciivityj^this is a far from 
complete list of objects worked by this method. Nurner- 
ous examples (dogg]crs, airowhcads, lunate and toothed 
knives^ sickles) show iliai the technitjae reached a 
consummate level of skill, especially bearing In mind the 
intmctubihiy of siliceous renis under all other mccha rLi- 
cal agjcncies apart from percyssioti and pressure at 
certain angles. At the new higher level of i^velopnicnt 
retoLJchcrs were not the bone, slate or Hint obj^ts of 
nccld'iintat shape used by palaeolithic man. From 
mesolithic times onwards flint rctauchers ccHiimonl)- 
l^ve their own dislinguishing marks; ibey arc narrow 
ttxils msde on large thick blades^ one or both ends of 
which are severely worn, but whose side surfaces are 
polished by prolonged use in the hand- Wc have not )'ct 
studied neolithic bone retouchers. Hciwcvcr if we may 
rely on ethnographic parallel-s fNorth American Indians, 
Eskimos) at the end of the Stone Age special joed insiru- 
ments were de%elop^ consmiug of a bone point set in a 
wooden handle, which increased mechanii^l pressure by 
allowing the use of the palm. For ttiaking small inser¬ 
tions for composfle tools a vice was necessary, a bone or 
wooden object with a longitudinal groove into which the 

i >tcce being retouched would be mounted, since micro- 
iihs < triangles, trapezes or scgmems) would be dilUcult 
to make held between the Angers of the left hand- 
Pressure techniques of working stone found expres¬ 
sion in artfStic creation m the end of the neolithic periocL 
Having employed the plastic wwking of Slone originally 
to satisfy his every day nceds^ man gradually sought an 
outlet for his acquir^ experience in representational 
art. Wc are especially struck by the high technical level 
reached In the aheiaiions of intractable maicrtat by 
human dcstgri. Soiilptures of elk, reindeer, beards, 
beavers^ swam, ducks, lizards, snakes and even 
men are known amongst the finds of the late neolithic 
and early Bronze penods in the European part of the 
U.St.S.R. As ZamyatTttn* demonstrate they occur in 
Siberia, Kamchatka, and other regions, where there wtis 
much experience of working flint, hom^lone, agate^ 
chalcedony and obsidian. Flint sculptures of Prcdynasiic 
Egypt (antcLopca, oxen, hawks, ciccodileSp snakesl, and 
the intricate symbolk carvings of obsidian itt ancient 
Mexico and the Yucatan^ show evidence of great skill in 
ilie held of sdhoLtErttc reproduct ioits by Ihc use of deep 
notches in the maicrial. 


^ S. Si^t Atchenkttjr y I0t|94ill, pp.B3-l1Z- 
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Reverse reroucll of J!inl toiili 

Fn descriptions of flint tools of upper pLibcolithic 
times *3 tecFinica] icrm 'undcr-trin’inurag' ipodteskaj is 
cofRmonl}^ used. Often there arc references tor ^kni\i:s 
with umder-t rimming on the end’, ^letcuched bbdes with 
under-irimnning on the end'i ^under^trlmmlng on the 
end' and so on. The readers attention is drawn io the 
special character of this work on the end of I he (ool. 

Tltc term 'under-trimming' is not of course a simple 
one. Fn descriptions of materia] it usualty Itas e formal 
connotanon, not repealing the practical significance of 
this technic|uc of stone-warkiog for prehistoric iTia 4 iT 
which was to flaitcn the end of ihc blade. Sometimes 
one comes across a feeble attempt to explain the purpose 
of the peculiarities of this upper palaeolithic technique, 
rhe fluled appearance of reverse retouch has led some 
students to l^lieve that [his shape is the sign of a l\int 
chisel or gouge, but this is an error. 

This method of working was siudicd on die material 
of Kostenki, I where reverse retouch occurs very fre¬ 
quently; e>£amples are counted by hundreds. Blade- 
tools with such irimtning are fairly varied but for ihe 
most pan of an everyday kind, us^ for cutting meat, 
cutting up skin and whit ding wood. It very rarely ccurs 
on cnd-$crapcri^. 

Such work not ready 'under-lrimining' since it was 
done by nonnal pressure retouch, that is by pressure 
with a retoucher. To judge by ihe facets it was done with 
n few exertions,, from two to ten. 

The intention of [he work on an end of a blade tool 
w'as not just to bring this end into use in Ehe work. It was 
one of the methods of straightening a blade out along its 
axis; in odver words technically the objective was the 
same as in Solutnean retouch. 

If all tools with revets retouch are closely examined 
i[ will be found that the scars m every cose (exceptions 
to the rule are very rare) lie no< on the top hut on the 
ventral face of the blade. Due to FhiSp the 'under-trim- 
iTiing’ cuts off part of the bbde's bend (fig. I bih On ihc 
lower end of a blade, as it left the core, the curvature 
was commonly \ery sharp, towards -90 . Palaeolithic 
mad sometimes reconciled huiBcIf to this. In meal 
knives, for cjutntplc. he might use the curved part as the 
luindle and the butt-end wiih the pressure bulb as FFte 
working part, for this part may be compratively 
slraighL Very ofleti, however, it would be necessary to 

f zi rid of iFic whole or part of the distal cod of the 
lade by snapping or breaking it oFT, EtniF then triuiming 
up the blade with reverse pressure retoucii. Even in 
making a short knife from pan of a blade its ends would 
be worked by pressune retouch to remove the sharply 
projecting angle and give the bUide u semi-circular end. 
A knife whose workir^end had noi been ireaicd in ihis 
way would meet greater resistance from the material 


being cut iluin one which had. Tlius 'under-inmming" 
on ihe end of a knife may be regarded as a purely 
technical device for enhancing the rnechanicnl quality of 
a flint knife made on a prismai ic black. 


E Elivt'don of hladts into se^i.-4ttH 
and ttic retoudlin}; of niierulltlis 


At the dose of the palaeolithic period prehistoric 
hunters and eollcctqrs, mainly in ihc steppe areas of 
Europe. Asia* and Africa^ Ficgan to produce u new type 
ofstone jmpicinent, ihc composite eooI^ used for knives, 
arrow- andspcar-hcad^. Dioding a small prismatic blade 
into segments they wor ked each segment by fme retouch 
into the shape of a trapCK or triangle or lunate, and 
so on. 

Each of these Einy flint urtcfacis Fiad no meaning as an 
independent took bui formed part of a composilc 
implemenir, consisting of a collection of such flints 
inserted and fixed in a groove made in bone or wood. 

Western archaeologists cull the period to whk:h these 
tools belong As^il-Tardenoislan, making it into a special 
stage in the dcvelopmeiU of the Stone Age. The period 
has been given two other names^ 'mesolithic' and 
VpLpaJacolithie\ however, which have a broader con- 
uotahon covering all sides of hfe in tlic pericid. 

Because micro!iths occur in a different kind of she of 
Ecmporary character or even in cam, ihey were 
legurded even unEil rcccnily by some aichaeologi^ls, as 
mentioned above, as an indicttlion of ihc dscay and 
degeneratjon of palaeolithic techniques. In reaJIty the 
appcarunce of composite tools reflects a new step 
forward in the developmcnL of economk: activity in 
ancient society. This technique allowed man [o make • 
straight poiiiis and knjvc? to any length be r^uired* so i 
necessary^ in hunting, and also to reach a shiirpness of [ 
blade to Che very limit Ehat Ehe use of stone impels. 

The changed climaEic condilions and the release of i 
vas! areas from ice gave ancient liuntcrs greater oppor- j 
[unities for moving about in search of game, which ai ^ 
tile same Eimc became more varied buE more diiflcult to ' 
hum. Leaving the areas of dcposiis of chalk flinE many 
of which were destroyed by floods* [he hunters often 
were obliged to utilize casual stone muicrial fur ihcTrt 
tools {small pebbles of siliceous rocks Trom alluviaH 
beds I. Conditions of life confronted them with tlic 


necessity Eo make tools from any suitable matefta! 
found by Ehc way and to flake off blades from tiny cores. 

Thus new techniques freed man from dependeiKc on 
certain kinds of flint and by the sanw lokei* extended his 
opportunities to become master in new fields. These 
important achievenients were widely made use of in tlie 
subscqncnl neolilhic period. 

For ifiUnufacturing inserts, or mtcrolilhs, tine narrow 
bladekts w ere flaked off small cores and then divided up 
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i nto p^rts. luttcr stage consisted of a simple oper^- 
tton, ^hich study of the body of the segment has shown 
could be done in two svciys. Very often the blade W4is 
simply snappetL in the hands. Such segments ha%*e no 
bulb or facets found on si ruck segments. The fraeturie 
line in this passes in an uninterrupted wave ihrough the 
Hint bod)% somcLimes making a zigzag at the end of the 
fracture. Possibly the blade was noi held In the hnre 
fingers but gripped in a deep groove in a piece of bone, 
which would act as a conductor, allowing I he blade to 
break only into equal parts. Usually the blade being 
broken was held with the dorsal face upwards. 

A second method was lo cleave the bbdelet with a 
^ blow^ usualJy on its central arris. On the stump of a 
blade so trealed one can see the percussion bulb with 
facet, or the negaiive impression. The blow obviously 
must ha%'c been given not directly with a striker but with 
a flijiE intermethary which Could haw been another 
blade- Cleaving by means of an intermediary allowed 
the point of the blow to be precisely fixed, and so made 
it easier to divide the blade into equal pans/ 

It must be noted that the first attempts lo divide 
prismatic blades into se^nents. so generally used in the 
mesolithic period, have been observed in earlier times in 
the upper palaeolEthic period. Study of the hint material 
from the top layer of Kostenki I has revealed that such 
dividing was sometimes done there. Amongst the 
material a small series of rectangular sc^uenis obtained 
from large blades can be distinguished, which had been 
V'cry carefulfy retouched on the sharp edges. On the body 
signs of cutting of the blade and traces of blows as 
negative impresaioRs of bulbs of percussion arc visible. 

On some segments the bulb is not in the middle of the 
stump, os in most citscs witen the blow has fallen on the 

( central arriSp but on its side. Thj» indicates that they 
sometimes clove the blade on one edge, the other edge 
set on a nest which was evidently of bone. 

The segmentation of blades prcscnicd no special 
technical difficulties; palaeolithic man bad commonly 
resorted lo it when he drrased or broke off surplus parts 
of blades in making tools. He had to do this orten with 
bow-sbuped blades whose distal ends were commonly 
^'cfy curved on leaving the core. 

Howcvtjr, the problem of how the segments obtained 
from large flfnt blades of kosicnki I were used by the 
inhabitants Still remains an open one. 

There arc many technical difficulties that would arise 
in the subsoqucriL work on segments of small blades. 
Trapeze, triangular and lunate shapes could only have 
been obtained by line pressure retouch, which required 


ihc application of appreciable phjuical force, but seg^ 
n^enu; of flint prisms often only 10 > 12 mm in size 
could never have been held sirnply between the Qngers. 
In working them by pressure they must be steady and 
immovable during the operatjem. The archacolDgical 
muterial has yielded no evidence ihai in the mesolithic 
period, when the technique of working micmliths was 
extensively developed* there were special holding 
devices. 

tE 1^ possible thai such devices never existed and that 
for fixing segments io an Lmmovablc prisition cuts or 
grooves in a bone mount were made LLse of, into which 
they would be insened. A piece of animal rib with a long 
groove would liave been serviceable for this purpose 
fhg.16.2). 

Segments were worked with a flint retoucher which 
had a narrow working end that permitted exact move¬ 
ments Oft the edge of the prism, and ihe rtsuli produced 
by each pressure of the hand to be visible. 

gr Methods of blunting Hint blades by retouch^ 

burin bloir and finding 

In the technical problems of making stone tools in ihe 
palaeolithic period^ apart from giving a [ool the neces¬ 
sary shape Id penetrate and alter another matcriah 
provision had to be made for h to be grasped freely in 
(he hand. In early work (knapping, Hakingl on siliceous 
rocks with their corKhoidal fracture the very simple 
tools or rough-outs {Hakes, bladesf produced had sharp^ 
edges, angles and projections, w hich could easily wouitd, 
the hand- To avoid this all Hk sharp parts of the tool i 
had to be blunted and deadened - The emergcTucc of the! 
technique of fiaking double-edged blades off a txjre ini 
upper palaeolithic times made such work ewn more' 
nectssiiiy. 

For this purpose retouch was employed, pressure or 
percussionK as a means of taking off unnecessary angles 
and projectionS h as well as the thin, hard, razordike tip 
of the blade edge- Retouch produced a less simrp tool; 
but lougher and less dangerous for the hand. ^ 

Examination of palaeolithic flint tools revotls that 
man in the ntajority of cases confined himself to a 
stiffening neioueh^ which only partially met the need for 
Safe-handling. Many knrits were so minutely retouched 
that they could never have been held in the hand without 
a handle^ although if necessity arose the retouched edge 
was suimble for working, ft will be appreciated that 
sUffening retouch was intended to stner^hen □ knife 
blade, and vcry‘ often differed from proper blunting 
neiouch. The former was slighter and flatter and done 


' ThJi h rembiii^^l vf kb^ 'micfelnuin iKhmqu*', tet frHii Uw }Tie;idtkhPC |Kn«l in wtstern Emrotpcjinil n^nti Afrki, wIi-kIi ^ 
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Iwith a bone retoucher; the Inttcrwa:^ heavier and steeper, 
land done wiih a stoiw retoucher or by cminter-btaws 
(boiirtcc^blcnAA). Thi^ difTcrence is cspeciafly laotieeablc 
on those flint knives which haAe an uninistakable part to 
hoklp that is ftifil tools used without separate handles. 

An especial differtnee of blunting rctooch, which has 
emerged from careful study of the surface of palaeo¬ 
lithic Hint EOoISp 15 the use of 'percussion trimming' 
{podbivkn} or light percussion retouch. In contrast to 
lower palacoliihic percussion retouch^ with which large 
bifaciahy-stnick tooLs of Acheutian limes were finished, 
this retouch by blows was rarely used on working 
edges, h was employed for blunting tools and mainly 
for levelling off angles and projections on which ie 
would have been difHcult to apply pressure retouch- 

As an example of light percussion retouch for blunt¬ 
ing we may cite the handle-pan of a knife from Kostenki 
], whose crest had been Irealed by blows, which 
furnished a firm grasp for the fingers on the top when 
the tool was in use. A chanKiicristk mark of percussion 
trimming is the presence of small flake facets us weLf as 
the battered condition of the central anis, which is 
crushed artd scamd. Under a binocular lens the uneven 
lumpy surtace with Its multitude of cracks can be seen, 
Such a surface in some wuy^ rcniinds us of the working 
surfuce of flint pressers and strikers with its rough 
paiicm and high degnee of cracking. ExaminaiEon has 
shown that it was produced by light vcnical blows wilh 
a flin I striker. 

tight percussion retouch in upper palaeolithic times, 
for bluntmg the non'WOjrking parts of flint tools, is 
interesting in lhai as secondary work it was the fore^ 
runner to the pecking technique, which was so ex¬ 
tensively used in neolilhk and later times. 

Blunting the sharp edge of a flint bbde by retouch did 
not always achieve the desired end. The retouched edge 
retained a certain sharpness and during use requiring 
great physical force couEd wound Ehc hand. This was one 
I of the main causes for the crealion of handles in upper 
palaeolithic times. 

For blunting the non-working parts of flint tools 
prehistoric matt tiad two oiher rcccui^es open to him: a 
bunn blow und abrasion. A burin blow was given on 
the top edge of the blade held veniL-ally either v^nth a 
striker or presser, and the flake removed left a narrow 
scar On the edge 

The method of blunting a blade by an edge flake 
taken off was very widely used in making upper palaeo¬ 
lithic tools. Ii was more cflcctive m blunting a cutting 
edge than retouch, but it had one essential disadvantage: 
tbc flake edge so worked was no longer serviceable as a 
cutting edgie. 

Various tools from Kostenki I and IV illustrate ihe 
use of thM type of edge trcotmcni, GcrtcrjJLy the prt to 
be grasped as a*handle wassubjccicxl lo ihc burin blow. 


On many tools used os knives the part intended as the 
handle was treated by retouch on one side and a burin 
blow on the other. However, examples arc found treated 
with a burin blow on both ^idcs with parallel !iipall 
facets; such tools are eommonly referred to the category 
of double-sided burins. In the material from Kostenki 
|V w'c havie examined whittling knives whose handles 
necall medial byrins; the spall facets on both sides 
meet at ciri angle. It is possible that such handles were 
inscncd into a htift. Kostenki 1 and IV yielded not a few 
examples of single and double spall scars on ihe grasps 
mg part of end-stnipers and aw ls (Hg. i 7li. 

Often burin facets occur on the forward end of a 
knife^ where they provided a ncsi for Lhe finger (fig. I JA). 
The flint material from Kostenki [ has yielded scvxni] 
thousand examples of narrow blades with tnnngular 
transverse sect ton . They are the product of this side 
fluking (burin spalling) and vary from about 10-^15 mm 
up to 85-100 mm in length {fig, I7,5h Nfany of them 
hav^c retouch on one of their three faces which indicates 
that the side-blow was applied io a finished tool. It 
could havie been done to iransform the tool for a not her 
purimse, or in other cases lo enhanoe the blunting where 
retouch had been inadequate. 

The occurrence of blunting of the non-working part 
of the iool by abrasion is a good deal rarer. In all 
probability this method was extensively used, but traces 
of slight rubbing can be detected only with great diffi- 
oiky. Although it did not play an essential pan in 
palaeolithic times, abrasion is Interesting as an initial 
stage of grinding stotw tools emerging already at this 
time. It was resorted to when ihe blunting of the edge of 
a flinl blade, flake or bifadally worked tool by retouch 
was unsatisfactory. The object was rubbed against a 
stone, so that the denticulated edge of the retouch orj 
pmjcctlons of ihe facet airiiicsw'cresETitxithcd off. U nder 
the glass such brief rubbing ^ves thte flinl a muh sEighily \ 
rough surface with angics and projections removed. ^ 

h. Peeking 

Neolithic objects are often found worked by a special 
method which has received the name of pecking. Usually 
traces of such treittment can be seen on rough-ouEs t>f 
axes and adr!cs^ or on bollowed-uuE objects (mortars, 
cups^ weights and so on). The surface of these ohjccEsj 
has a bole-and-bump kind of appearance^ very rough I 
and recalling sponge or porous tufa- Examination- 
reveals that in making such objects a relatively narrow 
range of materials was employed, FlinU chalcedony, 
agatc> jasper, nephnic and obsidian areexcludedt whiic 
quartzite and chcri arc rune. They are usually niade of 
varieties of grunile^ sicnitc, dioritc, gahhro (lipariic, 
porphyry^ andesilCp diabase, diorite, basalt, etc,), that is 
granular rocks consisting of difIcreiU minreral parlicicsf 
aniJ wiih a high degree of jointing. f 
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Worting by iUc pecking iGChfiic{UC of a rock of uni¬ 
form structure, like flint, >^hich has a conchoidal 
fracture, is virtually impossibk. Any blow, even a light 
one, on I be surface of such mincmls produces cracks, 
reduces the solidity of the object and can cause it lo 
shaiicr,. especially if the blow is delivered V'ertically on 
its Rai Face. Yet objects worked by the pecking iochnic|ue 
f all show that the blows were at right-angles to the 
surface being worked. This is easily understood^, as i\fc 
' object of the blow s is not lo flake off or *trim off' but to 
'remove an unrequited mass of maleria] by panicks, 
grains and bits, detaching them by light direct blows^ 

In contemporary techniques of working atone one 
operation stands clow to the ancient method of pecking. 
After breaking-up the stone, shaping and dressing into 
blocks with a smooth or raised surface, 'shoeing is 
carried out v^ith a drag or claw chisel to obtain the 
required true face. The dllTereivce lies only in that the 
iceth are short and more numerous (on a cbw five to 
seven^ on a drag iwcntyTour to Ihirly^ix), whik Stone 
Age man in fact used only one tooth. In the pecking 
technique a narrow egg-shoped pebble was used or an 
angular lump of hard rock. Each blow left a small hole 
or hollow (peck-hole), just as arises in work with a 
contemporaiy steel punch designed for work on hard 
rocks, although a punch is only a pointed rod diat acts 
as an intennediary to bear blows with a malkir 

Granular rocks were well suited for workfng by the 
pecking technique. The particles were crushed by blows 
and fell away, while projections and bulges broke up, 
even disinlcgraied into powder, and so by degrees 
surplus material was removed. Using this jnethod, 
quite impressive plastic results con be achieved in certain 
nrtaterials: shaping the body of an a?te for grindings 
hollawirtg out a stone, or giving it any rough shape. 

As an older analogy of this technique wt may cite a 
mcthrxi of working bone in upper palaeolithic times by 
which a mammoth tusk was sever^ transversely, bone 
mortars hollowed out and so on. Examples are known 
from ptibeolhhic limes of working stone by hollowing 
j| out. We arc here referring to the lamps Ifor burning 
fail and mortars found in the Magdatenian stage of the 
upper palaeolithic in western Europe.In ihisarca ihere 
w-as aho a tneihod of hewing oui low -reticf sculpsure on 
rocks, although its details have not been studied. On 
liniesionc low-relief carving could be done by a oom- 
hinat ton of techniques; cutt ing and sinking.' 

The pecking technique developed in the neolithic 
period hut, cwn with the appearance of meiak, it 
continued to play an imporiant pan in arehitecture. In 
ancieni counmra, like Mexico, for examptc, where 


n^Uits never played an csseniial part in technology, 
pecking was employed on a large scale in the construc¬ 
tion of temples, for carving monumental sculptures and 
low-relief work. Nalumlly plastic working of stone with 
stofic hammers and chisels (which frequently wore out 
and had lo be changed) reninined very ineflickrniH and 
required vast expenditure of lime aivd labour ihat only 
the highly regulated early despotisms could provide by 
compulsion. 

1. Grindiji;^ 

tn the Stone Age afanisive technique developed ex¬ 
tremely slowly. From lower pabeoIttbiE; times scarcely , 
any traces of grinding have sumv-cd. As for the upper 
palaeoLithie we have a few facts entitling us to s^ak 
about grinding and shutpeiiing of borte objecis (needles, 
awls, bone spearheads), and there are slight traces of 
grinding on some flint tools. Only Kostertki IV hiid a i 
large series of ground objects of slate as evidence ihai i 
abrasive work was no£ the exclusive property of the ‘ 
neolithic period. Rut inasmuch as we do not know any 
other analogous objects from upper f^hieolithic times 
the unexpectedly early appeararns: of grinding in 
Kostenki IV niusi be regarded as Invention before its 
time', when conditions were not yet ripe for its general 
introduction. 

The systematic grinding of stone tools begins in early 
neolithic times, iT was just then that wood-working 
began TO assume major imporianoe in prehisioric 
economy. -Allhough man had been familiar with the 
useful properties of wood from the eariiesi times and 
knew how lo ust it over the whole palaeoiJthtc perKid, 
he did not have at his disposo^t the means to employ this 
material on a large scale. Now came the cumulative^ 
efrcct 5 of a more sett ted life (arising from the develop--1 
men! of fishings herding and agriculture) and the need'] 
for more permanently consinjcted living accornmoda* 
tion and a wide range qf iniricaie structures and tools, 
and water iransTK^rt (dug-ouis, oars). All this contrived 
in a remarkable way to enhance the value of wood and 
consequently wood-dressing tools (a.\cs, adjcs. chisels). 
The technical qualities of the Inner had lo be perfected. 
uniJ, more especially , the resistance of ihc fate of flaked 
axe blades reduced by grinding. 

The first steps in abrasive methods of working t<x>ls 
were very small, The grinding of hard stone is not just a 
faliguing procc» ihai demands persistence, lime and 
some working knowledge, but a nwthod that gives very, 
littlecxtemiLl result inn given time. So in early ncoliihici 
times grinding was limited to part of the surface, thej 
process bring applied only lo the blade of an aw or adze.| 
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The tool itself a rokigh-out worked by pertrussioo 
and rcEOuch. flaking or peeking^ depending on the 
niuieriEil. 

FrctjoerLily to avoid additioru] labour a flaiiish oval 
pebbk would be scl&ricd from gravel beds in a river, 
iiomelimes this was done by necessity when the outcrop 
of desired rock was notjn the s^e arvo. as the settle¬ 
ment, and so a lechnically favourable rock was not at 
hand- 

Thc earliest ncohthic E€k>Is with ground blades have 
been found in Nostvet (ScandinaviaI in northern 
Europe and in Bak-Son (Indo-Oiina) in southern Asia, 
where the as(es resemble, by roughness of their appear¬ 
ance, the axes fiym Campigny or the Danish kiicheti 
middens. They are of iTregular shape* and the, blade 
only was touched up by abrasion. Sharpening by 
grinding should not be eonfU^d with incomplete grind' 
ing that occurs on the large chopping tools lhat are 
found not only in ihc malurc neolithic period but also 
Later when meiuh had already eomc in. (flconipletc 
grading cun-bc upUitncd by the destre tor economy of 
effortp but also, emd it is especially lorpoitant to empha- 
siae this, by the re^jutrement of the time to fix the tool to 
the handle by lashing. The butt-ernd. uneven as it was 
after dressing, pos^icssed certain advantages for giving a 
purchase in contrast to the smoothly worked surface of 
a tool which had been ginjund all ovrr. 

Incomplete grinding can in some cases he explained 
by the fact that some hard rocks (fhiit, agate, chalce¬ 
dony), c%'en if available to neolilhk; man, were extra¬ 
ordinarily difhcuh lo grind* Work for a given dura lion 
of time on grinding a hint axe was two to three limes kss 
tFTeetive than for the sante work on a dioriic axe. So in 
one and the Hiornc neolithic sclikments flint tixes will 
occur with only the blades ground^ and axes of igneous 
rock that arc ground all over. An example of ihts 
occurred at the ncoliEhicscEtlcnient of Ronaldsway, Isle 
of Man, where both axes of flint and of other rocks were 
found!* 

Methods of abrasive working were varied. Sometimes 
grinding was done by the friction of the rough'OUI 
against hard projections on silicons tufa, gneiss, 
gabbro, granite, bbradoritc. and other magmatic rocks 
of porous or conrse-grained structure. Such traces occur 
on Ihc clHfs t>f Scandinas'ia and southern India^ in the 
form of grooves whli a diameter similar lo that of axes 
found in nearby neolithic settlements. 

Ethnographic parallels are known for grinding axes 
against hard ground that contains silica sand. For 


example, the Australians, who use flat river pebbles for 
axe rougb-ouis^ grind them by friction in the soil. 

A more rational methodp known from much archaco^ 
logical evidence, tsruhhingnguinipt special stone plaques, 
usuulfcy or^ndstone or some coarse-grained cryi^tiiJllne 
rock. Sandstone blocks, regarded as the most valtiable 
abrasive agent, consist basically of quartz grams hound 
logelher by day^ lime or quartz cementing matter in 
addition eo quartz, sandstones contain small crystals of 
felspar, particles of mica and trifling quantities of other 
TTiiitcrials. Friable varieties of sandstone, rock in which 
the grains are held togcilvcr by a clay cemcrsl, allow 
grinding wJihout the addition of sand, as these natural 
abrasives possess the properly of "self-aJiarpening^,^ and 
plaques of this rock need only have their surfaces soaked 
with water. Without this inlcrv'cning (washing-ofTl agent 
the ubras^ive surface would quickly ^salL up\ that i& ihc 
sharp projections become blunted and their interstices 
choked up by I he product of grinding, so that the 
abrasive soon becomes unserviceable. 

Gnriding was carried out on abrasive plaques, but the 
tlnal touching-up of the blade, os we can see by faint 
traces of scratches on its surface, would be compklcd 
with a kind of hone or wbccsione, Whetstone'S for 
sharpen ing(irueing> the blade were mainly made of fine¬ 
grained Ihne w day sandslones of rnedium or even light 
compactness* friable and breaking easily with a blow, 
and quickly wearing in use. They urn commonly shaped 
like smaJl cakes of soap with a recessed IholLowcd) area 
to fli the badge of the axe or adze and bowed shape of its 
blade. For sharpening an adze on the facet side of the 
bJadc^ or a gouge adze, live w hetstone had a diffetent 
shape, or a specially prepared surface wm used on the 
whetstone. Traces of sharpening dilTcr inairkeilly from 
traces of grinding: the atmtionx from sharpening with a 
whetstone are monc numerous, smaller and shorter, 
while grinding leaves rougher scratches which are 
fan her apart and faitly long- 

Not just axes and adze^t but knives also v.’etie ground, 
although it is true that ground knives arc ksscommonly 
found on neolithic sites. The bcsl known are I he elbow- 
shaped knwes of northern Europe and the halTmoon- 
shaped (or close to thai shapei knives of northern Asia. 
Now and again ground planes {Angor area), arrow¬ 
heads. stale knives (like the knife from Olen Island, L. 
Onega I and olher tools come lo light. On their surface 
there arc traces of the two operations of abrasive Wfork: 
grinding and sharpening. 

Exaini nation of the surface of adzes from Verkhoknsk 


' R. J. flrucv, E- MriBil B. H. Li/rAj rrfWjlorirSnrjVri-(I9J7|, pi?. IJT, I3fl. pi. .XVIII. 

^ U Fc»tF. JXs- fi^tM UTit Hj/ tjririUfc? /IftFhcrirJfr« IM t? Lft). 

' ihB EiHMil W»r w Ihc upm wtiitli litmfjvyt lb« i\n\i ill STfttn:i tv} Uw tIw U, 
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confimts thdi grinding of the roughmut and Iht shaipcn- 
mg was done with difTcrenl abrasivesp one coarse- 
grained and the other finc-grairwd. Micno-phoiographs 
of the corresponding parts of an adzcp which had not 
been vised after shiitpening, give some indicaiion of this 
(hg, J8.2, 3). 

With regard to ground tools it ought to be noted that f 
the use of the term 'polishEd tools* as a synonym for j 
•ground tools" is quite improper from ihe paini of vkw V, 
of lechnologj'. Although polishing falls into the category'] 
of ahnisi%'e work it difTcrs significantly from grinding, \ 
for the iwo operaiiom imply different objectives. Whik 
grinding completes a stage of the work on the object^s 
shape during which quite an appreciable part of the 
material is commoidy removed, polishings or smoothing 
to a lustre^ as the term is understood in conicmporary 
technology! merely alTecis the surface^ Polishing in Ibc 
strict sense of ihe word was never used in the manu¬ 
facture of stone tools. The gloss which is commonly 
seen ocv stone tools is either diie to tong use (friction 
against a soft matcriaL such as skin of the hand, handle 
or lashing), or thr result of Ihe action of physico- 
chcmicul faclors, that is conditions of deposition in the 
layer. 

1. Sawlni; 

Culiing up soft rocks into pieces wm already known 
in palaeolithic times. For example, in Kostenki I lump 
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ofslale? stirvive vvith cais on Ihcm from u burin showing 
[iiYCS wlHjrt axien^pis had been made lo cui ihrough. 
TrEioes of sawn grwvcs inadc with a Him ww occur on 
soft stone. Amongst slonc objects of the Crimean 
nitsolithic site of Shan-Koba is a flini bladeiei with 
tnioes of sawing stone on it. tts hand-worn blade is 
blunted and dutled while the linear traces or striations 
are strktTy psirallel to the blade edge on boih sides and 
the microscopic evidence reveals iwcnway movement 
(hack ward and forward). 

Systematic sawing of hard rocks only devetoped in 
neoliihic times, although not to a unifornt degree in 
different areas and countries, can examine dozens of 
neolithic siies in the north and south of Europe where 
not a trace of sawing is discernible. Nevertheless the 
absence of direct evidence cannot be re^rded as proof 
that sawing was not practised. Sawing is an auxiliary 
and inrermediaie stage of stone-working, and traces of 
it left on rough-outs can easily be compleiely obliicraied 
on finished articles (axes. aiiKs, chisels) by grinding, 
sharpen ingp or just wear. 

.Sawing of stone has important advantages over per¬ 
cussion in dividing stone into pieces. Tlicse arc: (I J the 
avoidance of cracking and splitting of crystals on the 
rough-out’s surface which are difficult to avoid in 
percussion work; greater precision in obtaining the 
right surface and freedom to divide the rock in any 
diTCCticn and to work on any type of rock. These 
advantages arc exploited to the full in contemporary 
mechanical working of stone distinguished by iis high 
productivity. 

In neolithic times man had to rely on muscular fora 
for sawing, whose etficiency is remarkably 3ow^. So full 
saw ing f right ihrough) of stone wns extremely rare, used 
only in the cutting-up of precious foeks I nephrite Jasper, 
jade, serpentine which can only be flaked with diffi¬ 
culty. Even in these materials the predominant method 
of work was flaking, and sawing was confined to making 
grooves. Sawing of hard and precious rocks was usually 
employed in the manufaeture of personal adornments, 
such as rings and disks. The cutting out and boring of 
rings rei|uired blanks in the form of thin plates which 
could be obiaincd roughly by deep double saw-grooves 
to control a subsequent break. The blank could then be 
ground dovifn. 

Sawing of stone in neolithic [imes then played an 
auxiliary part iu dividing up the material into rough- 
outs. This is lit marked contrast tts the cdnlemporary 
usage of machines, where she entire cutting up of blocks 
from start to finish is done by sawing. 

Stones of various kinds with traces of saw grooves 
hasie been found in the neolithic settlement at L. 


Ladoga,* in the Siberian sites in the L. Baikai area, in 
the pik-dwellings of western Europe and in many other 
places, ftesidcs grooving, the stone saws themselves 
have sometimes been foundn which for the most part 
consist of little sandstone or emery plaques with a 
sharp!V abrasive edge. These natural plaques ba\^ 
parallel lines of wear along their working edge, and 
similar striations can be deteseted in the sawn grooves on 
the stones themselves. There are no teeth on stone saw's, 
for Ihe aclicm of sawing Is due to abrasive grains which 
scratch the rock, and when blunted fall out, only to be 
replaced by the sharp particles behind them. Some emery 
saws, as shown by the shiny inclusions in them, contain 
small crvstals of corundum whose hardness is with 
w hich ti^ was possible to saw even the hardest rocks. 
Nevtirthclesa the process of sawing stone, even with the 
finest abrasives, could itot be accomplished without 
water. The latter washes Ehc saw' groove free of worn 
partkles. the stone dust, which quickly chokes the pores 
of the abrasire, and so by pteventing the escape of 
blunted grains causes u-wlcss slipping by Uw saw. 

When the abrasive grains were not hard enough to 
produce the required action clean silica sand mixed with 
water had lo be poured, into the groove. Washing the 
grDo%'e. can be inferred hOEh by ethne^raphic parallels 
and by anali^ with conlemporary usa^ in cutting 
stone with a frame-saw, had to be done sysiemaEicaliy. 
Sawing with ihc addition of Silica sand is commonly 
accomplished with out a stone saw, but using iiistcad 
bone, or even wood or rope. The Melanesians sometimes 
used rattan cord and North Americin Indians skin or 
textile string, but such sawing mcihods were never 
sy:stcmatEcal1y used on stone. Bamboo splinters and fiat 
halves of bivalve molluscs were used as saw's by the 
people of south-eastern Asia and Oceania. Bamboo and 
shell saws were used like the link strips in a modem 
frame-saw; e he angular particles of the abrasise mass 
cut along the slrips and swept along by the saw more- 
atenl the particles furrowed out the bottom of the 
groove. 

Examination of neolisluc material with traces of sawn 
grooves <i>Erphriir, seipcniinc, and other rocks with signs 
of jointing! reveals that ancient man knew several rates 
about the orientation of sawing. The grooves ofien lie 
parallel to the fibrous lines of the rock, ihat is arc 
oriented longitudinally. 

The methcxl of sawing stone with fimi saws used by 
the neoliEhic: populatfou of the L. Baikal area is of 
eonsiderahk inicrcst. To judge by the material from the 
graves prismatic blades with a retouched edge were used 
as saws. .A rclaiivety soft stone (steatiEc> with 3 greasy 
(soapy I surface was saw n up in order to make comp^isiie 


'A A, lfM>iirini*rr, XfiwtiV Sfi^e fhf X^hrtj L^kr tS? rVlmtouftf, p. 201- 
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fLsti-hpoks. From a smpill lump the crartsman sawed off 
a small piece not more than 3 era long and 4 ram thick, 
which he then ground with an abrasive to pfoduce the 
weight of a Hsh-hook with d triangle at one end and a 
lumpy sw eltingat the base for aitactunent. The rough-out 
was generally made by sawing the stone right through Jor 
I he crafisitian did not care to risk spoiling the work bv 
splitting. Traces of work on a flint saw which, was found 
in position in a groove gave excel tent op|7ortiinity to 
N-erify the characteristics of the microscopic marks of 
wear on a saw fiom use on stone (hg. I9.J^ 4), tn one 
assemblage of a flint ^w, a stone with grooves and 
weights for fish-hookSp a saw of thin tabular flint with a 
convex working edgc» retouched on both sides^ was 
found, tt was evidently the fnigmeni of a fiint knife re¬ 
used as a saw. 

As a second example of the use of ftini saws for minor 
work on hard materia) we tmy cite the objects, from 
Jcbcl cave excavated by A, P. Okladnikov. This cave is 
in Turknvenisian, near the Caspian Sea, In an prob¬ 
ability in early neolithic times a craftsman in jewellery 
had worked here, as is indicated by thedifrcreni articlis 
found here made fiMi the sea shell Dhiacfta, predomi- 
nantly beads and pendants. Micro-analysis ideniined Hint 
saws dig, Z0k drills (bow' drills and teamers) for per¬ 
forating beads^ whittling knives^ awlSp scrapers, burins, 
strikers, grinding plaques and oEhcr tools. The inhabi- 
lanis of the cave„ in addition to the shells bearing traces 
of such work (fig. 21.1,2), used other matcriak; umber, 
calcitc, tak, quart^^ tortoise bones, Ush teeth and various 
fo&sits. The shells that were sawn up were evidently in a 
mioeralii;ed condition, us the traces of use, parallel 
striadons, stand out sharply (fig. 21.3), which indicates 
that a bard resislant material had been worked. The 
used surface of the saws has a mai appearance. 

On the problem of the existence of mechanical sawing 
in neolithic Times (hem is still no dehnilc contradictory^ 
evidence. R, Forrer made a rcconstruciidn of a sawing 
machine making use of a pendulum,^ which has found 
its way into many popular accounts of prehistoric 
cuhure and technology. It appears to he a witty attempt 
by the atithof to transfer into the distant past a model of 
the simplest machines upon which mechanical inventors 
Were working only comparatively recently. The snag is 
that a pendulum swings through a chord and w^ould saw 
a curved groove into the stone^ No ajchacqlogkal 
material known to us bears evidence of the use of such a 
method, nor is there any ethnographic analogy for 
such a machine among tribes at a neolithic level of 
culture, or even those wHth a higher level of technology. 



2D 1^ iawy /rum core w'rfA tirrows 

iht the ifritstimi Un urse risje, 

2, iht hiikfif hdii hart ^ ft whiitUttg 

5 iiiffhfKi c/ tiff Mfnff rec^.itrufrtrd 


* h. IfnrJ'/r.E/iriM JiLuvMrhwttimxffnH/keArfarUcihfM .tJVr^jJkumirr rDaim. |90T|, |p. tSO. 
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21 Tna>i of on xhaih cave ineotUkk peHod^: \ niece of ^heti ^awn frtfm itaih %idei 

iS x)r 2 /fiirtT of sawitig^ tke sheit enlargeti IJX; J iraces on a flint saw en}argr{f2Q x . 


k. Borfos 

Boring held a prornincdL place m Slone Age lech- 
noLogy^ This is because it v^m not an auxiliary or laler- 
mediate Stage of v^orking stonCp like sawing> but 
constituted a quite independent technological process, 
[n the operation of hole-making through a material 
boring is frequently the final stage of the work. 

Boring started in palaeolithk times. Its origin is to be 
tmeed to the need for uniting two or more objects either 
us working tools or as adoenments to be worn on the 
body. Boring of stones for adornment evidently precedes 
its use on lools as a means of work. Origiofllly no doubt 
ft was done partially by a circular movemcnl of the hjtod 
and partially by even more rudimenlary methods. The 
perforations in fossil spiral shells found at Sagvaijjle^ 
dug by N, Z. Kilad^e in I952» illhistrate this (Ag. 2£l)» 
Th^ perforated marine shells {Tffrriieita tiaplkata^ 
Zinne) v.ere found in upper palaeolithic levels associated 


with other stone and bone tools. About a score of shells 
were found in all, perforated for suspension as adom^ 
menis, and their compact deposiUon and arrangement 
in a closed drcle show that ihoy had been ihrearbd as a 
necklace. 

Laboratory examination has shown that the perfora¬ 
tions in the shell w^alls were done in two ways, hy 
scratching through and sawing through (fig. 22.2-7), The 
first mcihcxl is crude work with a burin: the burin angk? 
was pressed hard on the shell surfaor at the desired 
poini. Each pressure with the Hint burin left a sniall cut 
1-3 itim long and O J to 0'32 mm deep, which might be 
more aocuiaicly called a furrow. By numerous exertions 
of pressure with the burin angle on a small area the shell 
side was cut through^ and ihen the hole was widened and 
made more regular. On the shell around the holes 
traces of work arc ^IsiblCp where not worn off during 
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suspension on ihe human body as adomnicnt (6g^ 23 J), 
The trwm have an tmeven nibbled surface wiih irregular 
boles and crack lines. 

The second melhod of perforating was analogous to 
that used in palaeolithic times for severing bone trans¬ 
versely by first sawing a groovy across it with a flint 
blade. The groove was rnade with a small retouched 
toothed blade on I he first tw ist in the shell either trans¬ 
versely or longitudinally« On certain shells the hole was 
obtained by a double saw groove, done evidently to 
enlarge the $,\ic of the hole. A i^ombination of saw 
groove and a cross-'Scratch or cut can also be seen (fig. 
22.4X where apparently ii had been intended originally 
lo use ibe first melhod to make the tiolc, but it was 
abandoned and the work completed by two poiaUel saw 
grooves. 

The use of saw grooves for perforation had very 
limiied possibilitiesi it was practicable only on hollow 
Cdnveis ob)cas of cyntidricnl or conical shape (like long 


hones, shells, bamboo and so onX In order to wl^n the 
holes produced by scratching or sawing man of ihe 
Sagvarjilc cave sometimes used q Rini reamer rotated as 
in drilling; the rougjiiy conical form of the perforations 
indicates this (fig, 23.2). 

The CJdemal surface of the spiral sheik has not 
survived tinirumily. The convex fsirts ait strangly 
rubbed and even polished to ashine^ while in the hollows 
of ihe shells the surface is mat or its degree of shine less. 
This dilTerencc proves thin the perforated shells had 
been used^ that is worn on the human body against 
which ihty had rubbed in movemerUr Farther evidence 
of this is the polishing of the upper edge of the perfora- 
lion evidently from friction by the thread on which the 
shell hang. 

The question of whether the shells were already 
mineralized w hen th^ were worked, or not* still cannot 
be answered eonclusivcly. Howevefp it deserves mention 
that the hardness of the shells when tnineniJized is very 
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highf abouL 5 Dn the Muhssudlc^ ami so to perforate this 
niatcrUil with v^ty simple l{^ch^iljLlcs was a difticLik 
matter. This fact offers some reason for supposing that 
the sEiells were w orked be Ton: mineniJizaiio n took place. 
Nevenhelcss this kind of work should be oomparod not 
to work on bone but to that on stone, w'hqse physical 
properties are ckner. 

The stone pendants made of soft rock found in ihi.s 
cave had been performed by scratching through and had 
all the marks characteristic of the perforated shelts. On 
some plaeolilhk;; si one objects hand rotation was the 
single mclhod used to achieve perforations. Biconical 
peifdnitxons like this occur in the slate lenses from 
Kostenki IV, Ptndanls from KosEcnki XVll hasie been 
drilkd from boih sidcs^ and consist of stale pebbles 
Hong and Rat) and parEs of bclemnitcs^ which look like 
semf'transparent golden amber (fig. 24.1 ^ 

Pimdints were bored, as the traces shovs^ by a 
relatively swift rOEation of the drill, cvidenily fixed to a 
rod which was operated between the palms of the hand 
<fig. 25.12).* 

Thus even rn palacolithie times we already have two 
mcihods of pcrforaiing stone : a combinaiion of 

scratching arid sawing through, and (I) rotary drilling. 
Thc more accomplished method of drilling was rocation 
of a w'DCKlen rod between the palms^ but its use was 
conhned Eo making smuJl perforations, which did not 
require considenibk force. The hill tribes of New 
Guirvea use this method at the present day to drill wood 
and stone without a bow-drilL although the bow 
known in this area. Like the Australians the tribes 
employ a stone drill fixed in a wooden rod which is 
roiated beiween the palms, the stone being lashed to the 
rod with vegetable fibres.* 

In neolithic times theiccKniquc of boring came on to a 
new- plane altogether, Ehanks to the adoption of the 
simplcsi n^echanical devices in the bow and drsk drills, 
and also the use of hollow drilling. 

The range of neotiihH: and early Bronze Age objects 
that underwent drilling is fairly extensive. These were 
prjndpally things worn on the body: pendants, beads, 
ainukts, tings, disks, imitatJon tools and weapons with 
a symbolic or niagical signifkance. The perforations 
may be pcnplvem] {in lugs) or central, and small or 
large (as in hanglesK Among perforated loots and 
weapons should be meniioned: sione spindk whorls, 
nel-weighls, hammersn macchcads and battle-axes. 

Dti tling small holes in objceis of soft slaty nock, 
commonly used for adornment in neolithic times, w^as 
done with hand drills of ftint ot other minerals of ihe 
quarts family (chalcedony, agate, quartziie). Traces of 


lire work show ihai the drilling wa;s done from both 
sides atid in three ways. First they dniled a deep hole on 
one nide in Ihe dcsiEicd point, and [hen Elicy made a 
similar hole on the opptisiie side. Then a narrow driJI 
ireamerJ was used to perforate through, and the hole 
wsis now widened by one-way (not alternating) rotation. 
With ahcrnatin| rotation the sharp edge of the Tcamer' 
would very soon have blunted. Moreover^ with the hand 
it would have been more difficult to get a circular 
upenytewith an aUemating movement; (he hand when 
it rotates to right and left docs not make a full circle 
about its axis of rotation. In non^lternating and nom 
conitnuDUS roEuiion the movemcni; of the hand would 
be smooth, carcfidly avoiding the risk of snapping or 
harming ihc side, if a hole near the edg^ was being 
drilled in a Jug. 

In studying the neolithic technique of drilling devia¬ 
tions from this arrangement will be found. Somelimes 
irregular perforations occur; an ai tempt may have been 
made to use a single drill, and so on. But generally the 
sequence set out here will occur, a sequence that w^as 
worked out in upper palaeolithic tifioes, mainly on bone 
objects. 

Drills for counler-drilLlng ore not large, their short 
working pan being conical with broad shoulders. They 
were made, like other drills, from Hint blades or re- 
touched dakes and their dimensions varied only slightly. 
They were designed for making small perforations; as 
regards reamers the diameter of small examples averages 
1-5-2 mm, large ones 20-JO mni. An e.vBniplc of the 
lirst is one from iChakhsyk (VakuEiaj and of the second 
one from Voi^Navalok (KoieliaT Large reamers were 
used for enlarging perforations nmde by different means, 
the initial hole inEo which they were inserted being made 
by the pecking technique, by numerousi light blows with 
a sharp stone, as wc cart see on the weights from Voi- 
Navalok. 

Cylindrical boring of small holes appears in mature 
neolithic limes with Rint drills shaped like narrow, 
sirongly-mouched rods, and the work was done not by 
hand but with a bow drill. Drills of this type were found 
in I he neolithic sites of Balakhna and in Jebet Cave 
(Turkmenistan). The working end was worn by rapid 
central EMd rotation and Ehc striations w hen magnilkd 
foiTiKd regular concentric circles with a projection 
(bulb) in the middle. With ihis kind of bow drill borings 
could be made right through from one side provided 
they did not fiavt ro go very deep. For deep perforations 
drilling w-as done, as with the hand method, from both 
sides, but without the need for countcr-drdb (fig. 

ZSJ-m- 
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]{ ^hciuEd he ment[Oned thiii cylindrical borifig in 
neolithic tirnfls did noi yti comriiand the (echnical 
possibilities that arose laicr wih the appeiirance of 
nidals. The regtikriiy of cylindrical lK>res depends on 
the form of the driJL and stone drills always showed 
some discrepancy from regular geometric shapes. Only 
with the adoption of hollow, or open-hoHow, drilling in 
neoliihk: times wm it possible lo get a roughly regular 
cylindrical aperture. But this type of ilnlling both in 
neolithic times and iaier was done by hand, and rtgu- 
lariiy of the bore was only obtained at the cost of slow 
rotation, In this mcthiKl the axis of the drill could be 
ccntniltzcd more easilyr Slow- rDiation was caused in its 
turn by the rcUiljvely kirgc radii of material bored find 
the nc^ to use greai physical force. 

The simplest features of neolithic cylindrical boring 
may be illkistratcd by the perforated shells from Jcbel 
Cave. Study of I he surface of the shell beads and 
pendants from this cave showed the majority were sea-- 
worn when the boring was done. Tlic edges of iIk pieces 
of shell folds that were chosen had been lost and the 
angles and projections worn off by the action of sand 
and water in surf moverneni. Only the circular beads (of 
varying diamctcrl had been ground into shape on stone, 
os could be seen by I heir regular shapKr and siriatiom 
from being worked r 

Some of the perforalions on the shells arc regular 
circles 2-4 mm in diameter^ and examination under the 
binocular microscope revealed numerous parallel lines 
on their sides left by rapid turns of the drill (fig- 23,3>, 
These two signs, u regular pcrforuiion and numerous 
parallel lines on its side, prove ihai ihe drilling was not 
done by hand, but probably wi[h a bow drill, w^ith an 
uhemating continuous moiion. The bow drill is an 
implement of the rmtute ncolithk period, qr at all 
events trocca of earlier use have noi so far been forih- 
coming from the archaeological maiciial. 

The drilling was done two ways: first the shell was 
bored right through from otic side and Ehen the aperture 
was made symmetrical by drilling from the opposite 
side. This explains Hk more or less biconicaL shape of 
many of the holes. Some pendants were bored from one 
side without the subsequent use of a reamer, so the hole 
rs conical with n lorn ^ge on (he side opposite lo that 
from which the drilling was done, 

Experimems on the pendants from Jebet Cave to 
Ecsi the resisUince of the shell to a niodcm steel dnll 
showed that in its mtiKralized condition the shell had 
a hardness value of 4-5-5 on ilie Mohs scale. This 
means that it was harder than marble (3-5-41 and 
close to apiite (5h The drill (2 mm in diameter) 
was of tool steel with a hardness of 6 and the shell was 
made Eo yield to the drill only with great dllficuky^ but 
it was possible. If we t«^r tn mind (hat neoliihEC (Tim 
drills had a hardness of 7, it will be seen that min- 


cralia;d shell could have been bored wiih d bow drill 
Cyhndrica! drilling of large apertures would have 
been very dilflcult to do with a small bow drill For this 
the bow drill would have had to be increased propor¬ 
tionally in siic, requiring two or three men and not 
technically feasible witfjout a rigid axis, which would 
entail an elaborate structure converting a liand into a 
rnechantcal drill. These technical facEors explain why all 
the elhnographic evidence indica(cs that prehistoric bow 
drills never had large diameters. 

For boring small holes a disk drill would be used, as 
was done by Deeanians and some North Arncrican 
Indians, lls consiruciion makes use of the law of ineriia 
in order Eo bring a wheel (wooden disk) into rotating 
motion, sci on the vertical axis of the drill At the lower 
end is a s(onc bit and at the lop it is tied by a line to 
either end of a horizontal plank. Rhythmical pressure 
by hand on the pbink sets the drill in motion about its 
own axis, first one way and then the other. ,As with the 
bow drill the device is used not just for boring scone, 
shell, wood and bone, but also for making fire. 

In order to obtatn regular cylinilrical apertures of 
some depth and diameter, tike we meet in battle-axes of 
bie neolithic and early Bronze Age tiriws, ihere was 
another method. This wns to use a bush (hollow) drill. 
Such drills were made of a long bone in the nonh and 
bamboo in souihern areas, and consisted of a wooden 
hub and cross-piece. The work was done on the outside 
by prcrs&ing wich ihe hand on (he arm as it turned about 
Ihe hub. Drilling was slow, but it was a very rational 
device for its time. What is particularly noteworthy is the 
economy of effort achieved on account of the reduction 
in area of friction rcbiiivc lo the large v olume of material 
removed- Ihe rotating edge of the bush worked with the 
aid of grains of silica sand sysiematEcally fed lo Li. A 
bush drill tncpunEcrs resisiance over and destroys only 
0“3-0-4 of the whole area of ihc future aperEtirc* whik 
0-7-0-6 of the area remains as an undisturbed cylinder 
in the middle. 

The regulariiy of (he aperture in this type of drilling is 
ensured by ihe cylindrical shape of the bu.sh and its 
straight passage right through the muierial. Arehaeo- 
Jogioii data illusK^iing ihe boring of stone with a hollow 
drill are numerous; many types of battle-axes of Jate 
neolithic and Rron7,e Age times w^rc bored in this wav. 
Some of them, Patyaoovo axes for example, are models 
of cylindrical boring, Ethnogiaphic evidence for bush 
drilling is provided by the cutting out of shell ring^ w ith 
a bamboo drill among the Mebnesians, particularly in 
New Guinea. 

.Archaeology has occasionally vouchsafed us examples 
of incompleie hot tow-boring of an object whose hole is 
not regularly cylindrical An axe from Vilmtiand 
(Sweden), briefly described by Mcintelius, had been 
drilled into from only one face and (hen thrown away. 


SO 
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fu hole with a bore in the ceniit slightly conical in 
projUe.' ]r> practice sach ijTEgubiricy musi nrien hns-e 
ans^fi because a bone biish wort not just ni the boiLom 
of the groove bui against the sides as well; uhimalely 
the diameter of ihe bush was actually reduced in si 2 e. 
Such severe wear la avoided in tnodem boring by 
changing the bush^ and so carrying the bore tight 
through from one side to the other. It is dilficult to say 
how crartsmen inaicing Fatyanovo axes went about ii» 
for these are distinguished by almost perfect eyljnrdrieal 
bores, but the po^ibiLity cannot be excluded thai they 
were bored from both faces and ihcn the central part 
worked out with abrasives. 


AO ill imperfectEom alloweth hollow boring was a 
very considerable achievement for the Stone Agp, The 
cutting out of small rings of nephrite and judeile in 
parts of eastern Asia was probably done the same way. 
Holluw boring was cxlensivcly used later on in the 
icdinitjoe of stone-working of the nneiem Mediter^ 
ranean states. In making the stone vxrsscis in Egypi. 
which were in such great demand not just in the Nik 
valley but in other regions, a hollow bronze drill and an 
abrasive were used. 

With regard lo nephrite rings, which may be 10 cm or 
more in dianveter, it is evident ihnt they were made with 
a templeh the inside could be cut out much more 
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quickly ihis way than by drilling, OVffr a fcvcllnj^^f and 
ground ncphriic plaque ant would put a stone or 
wooden ctrek, origanally drawn out from u circle made 
with a cord. One would work round and round the circk 
with a Hint or agate burin until ihcie wus a grtsovc 
0 5 nun deep, by which time the tempkt would no longer 
be necessary and w^ork could roniinuc wi th buri n alone. 
Wish a littfe skill the burin could be made to continue in 
iliti same channel without deviating uiilil the material 
had been cut right through. 


Ncvcnhcless rings could not have been made with a 
templet always. Regular and uninierrupted drill slria- 
tions on many rings force one to conclude that very 
often a more accomplished melhod of w^ork was prac- 
ttsed, Jtt all probability a circular device w^as employed 
(fig. 25.11>. Tlie preseiKe of a perforation in the ocrnire 
of ihe citcuhr blanks which are often found with the 
ritigs suggests this, for they appear to be the remains of 
disks intended to assist in cutting out a scries of rings. 
Such rings fit into one another ooncentrically (fig. 26). 


5, [deniification of functions of stone tools 


a. Traces of use on a flint tool from iJte Mou^efian site 

at %'olgDKrad (SbilinEpud> 

Flint tools of lower and middle palaeoliihic liittes have 
not yet undergone systematic microficopic study In order 
to identify their functions. TItc greater part of the avail¬ 
able material of this period is rolkd. so ihai traocs of use 
have been destroyedL Even material from cultural 
deposits in cav'e sites, like Kiik-KobHp preseni certain 
di^tculties for study, as iJicir surface has undergone 
pnial alteration under the ociion, probably^ of 
chemical agents, 

Flint tools from the Moustcrian site of Volgograd, 
where Zamyaim n began digging in 1952, proved of value 
in laboralOTycHamfnation. Scaled in by 3 great thickness 
of laier deposits^ and cemeniEd into the layer by con¬ 
tinued accretions from ihc oi’crhanging limcsionc* the 
tools survived in almost as good a condition as they had 
been left by man. 

Study was mainly confined to one tool from Volgo^ 
grad, whose worn appearance had already caught 
Z^myainin*s aiieniion during theojtcavalion- This was a 
small flint flake* shorty wide and thick in section, retail^ 
ing parts of the striking platform and buih of percussion * 
Us surface retained yellow cortev in pans, but it was not 
paiinalcd. The flint was greyish yellow in colour chang¬ 
ing to black on the edge of the nodule. Retouch from 
underneath on to the dorsal side along the sharp edge 
had converted the object from a men? Rake to a working 
tool (fig, 27.1. 2h 

That the tool hud been a long lime in use was testilkd 
by the mirror-like sheen of ihe polishing on parts of the 
sharp edge <fig. 28^1* 2). A peculiarity of ihis polishing 
was that the working edge w-as covered by it on both 
faces (top and bottom^ to more than 4 mm back from 


the edge. The polishing extended along ulmost half the 
kngth of the blade* gradually narrowing and finally dis¬ 
appearing. The remaining surface, especially on the bulb 
of percussion and the face inimcdiaiely opposite, was 
lightly rubbed by friction of the hand- This rubbing 
varied in intensity; in tlte hollows which had hardly 
made contact with ihc skin it w as very weak or virtually 
absent^ but on projecting parts it was more marked. 

EKumining the traces of use with the naked eye one 
obtained tiie impressjon that wc had here u cutting 
implement. Such an impression is created by the foci 
that the wear is on both sides, which would arise if the 
tool had pcnei rated into the maieriai, and so had been 
afTccied on both faces- 

Howeverp microscopic examination of the surface 
showed that Ihe retouch was not designed to create a 
cutting edge. The wear striations* ns reveakd by the 
mkroscope^ were not parallel to ihe blade edge* but 
Intcfsecied orw another ut various angles (figs. 27 and 
23JJ. 

Such a disposition of the stria tions is evidence that the 
tool was used as a scnipcr^ but the wwking movement 
would not have been one-way, like that with an upper 
pulacotithic cnd^scraper, On the Volgograd toot the 
traces* as explained above, arc not liniitw to one side, 
but c.\tend to a depth of over 4 mm on bolti faces. 
Moreover* ihe edge had a rounded section. Such features 
indicnie that the working movement of the hand was a 
two-way lateral one: the working movement of scraping 
started right 10 left and then ahered left to right (flg. 
27.T). A two-way movement is technically inelfident and 
primitive compared to a one-way movement, but it has 
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the advanta^ thai alternation avoids strain on the hand 
muscles and ncduccs faiig^c. The intersection of the 
Mar stfiations is rmeresting. This is due to the changing 
angle ai ^hich the tool was hcld« not only rcblivc to the 
worked surface (leaning right or IchK has also sagntally^ 
that is it was not just the curved hhide that made contact 
but also the end ofihc tool^ which is equally blunied and 
polished. This kinematic variability of the working 
movement of a scraper is of great interest when com¬ 
pared with that of upper palaeolithic cnd-scrapcrs, as 
wc shall see laier^ 

The material which was worked with this tool could 


only have been skin. All other materials (wood, bone, 
Slone) arc excluded^ because the texture of the wneai 
traces arising on a flint tool by use on them is difTercnl. 
Only pliable skin yielding under pressure could have left 
the traces wilh the trails rooogn^JU^ on the tool from 
Volgograd. Et may be assumed that this was not dried 
skin» with flesh removed^ but fresh damp skin scraped on 
the Hesh side to remove adhering fat and grease. Quarts 
grains that oocor on dried skin produce a more marked 
scraiching on the polished surface of the flint than was 
observed on the tool being studied^ the mirror-like 
polishing on ihe surface would not have arisen by 
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scraping □ dried pell. Morco^xr, the vrorking piirt of a 
scraper does not penclnslc decpl)' in working on a 
dried fikin. The vvholc problem of the condition of skirt 
when it was worked by prthisioric man is still ill under¬ 
stood. Proof of the existence of a very simple riMehiinica] 
method of dressing skin in Mousierion limes must be 
regarded as the most i/nportant result of oar study of 
this Tool. 

h. Functions orend'ScnipCTS and other ^serupers cslnhllshed 

by tram uf use 

The end-setuper {^ranoir frrw/nw /) is widely known 
from I be beginning of I he upper p:ilaealilhtc pertod- 
However, its purpose is u controversial isaue; students 
have attributed dirtcrent functions to this tool. Muny 
workers have been misled by the very narrow width of 
the working pari of ihe end-scraper. One from 
Timonovka has a working edge only 9 mm wide. 

G. de Mortillet was not so imprudent as to gi^T a 
funciiona! delinition to the end-scraper^ but mcruly 
noliced Ihe excepiional importunct: ibut these tools 
must have had in the Stone Age judged by their wide- 
.spread oocurnence. 

He wrote: 'Fnd-scrapers are tools whose general use 
it is difficult for us to understands since we Iim: in condi¬ 
tions that are so completely difTefent from tho^ of pre- 
histortc times. Nevertheless their use was cvidcnily a 
very important one. since from their first appearance in 
Solutrean limes their numbers grew vastly* and they 
occur abundantly in Magdaicnian and neolithic limes 
alike. They are found in large quantitltics in the obsidian 
industries of Mexico and in the stom: industries of 
Greenland^ where they continue to the present day/^ 

Early in this century PfcifTcr concluded that the end^ 
semper did not have a single function.* i [e considered its 
basic purpase was cutting. To cut skin into strips would 
rttjiiirc a round-ended took mid he bcliesed ihnt its 
rourul end w'ould also cmi like a saw (o/i through 
hard material like wood and hone. In his view an end- 
seta per cou ld also be used asa chisck chopper or scraper 
Iftg. 29k 

Thus ihe end-scraper would be an all-purpose tool. 
FfeilTcr wem further and contended that in all these 
casc^ it iftiis rarely used without a handle* which formed 
an e^utial ancillary to It. 

llowirvcf, examination of the traces of wear on end- 
scrapers docs not supp!K>ri Pfeiffers views. A greal 
number of Ihcsc tools have been studied front nmleriuls 
of all periods, especially the upper palaeolilhic. Let us 
begin with I he first point that he put forwnrd, that Ihe 
cnd-.scraper was a cutting tuoL If an end-semper was 
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used for catling up hide rnlo ihongs. for instnnee, then 
it should bear corresponding traces of wear. These 
iraos should appear mainly on the ondcr-surfacc of ihc 
tool as lustre, and as lines lying at "90 to ihe axis of 
the loot. The width of polishing would depend on how 
deeply the blade penetrjicd into the maccrial being euii 
Ihc same thing would be detectable either from cutting or 
sawing of hnid nintcriah. 

Even more distinct irtices should remain on the under¬ 
surface from use in chiselling or chopping, when the 
angle at which the tool is used causes especially sevxanc 
friction between its sentral face and the worked material, 
but such traces do nol occur on end-sempers. The [mecs 
that csist occur on the working edge and e:xtend only on 
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to its Upper retouched surface. The ihtckcr the end the 
w^der is ihc area of polishing. A thick cud is a frequent 
oocurreuce in end-serapers due to repeated cnmining to 
sharpen it, and ihU fact alone should be quite sullident 
In dispose of any theory about ihcir use for cutting. 

Mow were these tools used? Traces of wear are 
completely absent on tho^niraf side, but are visible on 
the sharp edge itself and the lower part of the top. 
Indicating I hat in use the [ool moved frontally with the 
ventral face forward. 

It is interesting that Herig also considered that ihe 
movement of the cnd-scraper was fronml. He came to 
this conclEJSion from studying a substantial number of 
broken end-scrapers frorn l^etefsfcls.* Proceeding from 
this and bearing m mind the semi-circular form of the 
working end, Herig regarded these tools as guu^ for 
making grooves in wood or bone, although he did not 
pose the question as to w'hy prehistone man should have 
Wn making grooves, 

In reality an end-^craper was used for treating skin, 
for scraping and softening skins aficr they had been 
taken off the animai. This is u very important process in 
the manufacture of fur clothings which ctinnol be made 
with hard and dried-out hide, as is used in a shield for 
instance. After scraping doer hide betcunes pliable like 
a chamois leather; in contemporary furrier)' ihis process 
is called currying. The blade of the scraping tool need$ 
lo be sharp, but not so sharp thal it cuts the pell. 

In all probability during upper palaeolithic tinrtes 
there were no spccini scrapers for cleaning ihe flesh 
side of the hide. Cleansing the skin of flesh, rat and 
muscle fibre which usually occur on freshly removed 
skin could have been done with end-scrapers with a 
wider and sharper working edge. The blunied ones were 
inlended for rubbing ihe skin to moke il soft, that is 
currying it. 

The site at Timonovka was particulcirly rich in end- 
scrapers beanng traces of use* where strong wear was 
observed on eighty examples. Scrapcis with faiiU wear 
t races were even more numerous. At Jchcl cave traces 
of use occurred on aU the 100 exumpics found in the site. 

One sometimts finds mention of blumlng and the 
oceurrence of lustre on cnd-scmpcrs in reports by 
schniars, who have not made ilie logical inference from 
I his. Traces oF blunting were recorded by Renaud on 
quarEziie scrapers in his study of American neolithic 
lools of the ^Fumarolcs culture' of New Mexico. At the 


s<imc lime it must be remembered [hat he regarded emi^ 
scrapers as tools For cutting up animal skins.^ 

Were cnd-scrapcrs fixed in handles, as Pfeiffer con^ 
terKied? The available timlenal yields evidence that the 
ittajoriiy were used without them. The following facts 
testify to thts. Firsily a substanllal number of the tools 
are on elongated blades which would permit direct use- 
Secondly the wearing on the right side oF these loots is 
more likely lo have arisen if tl^y were usaxI wIthouE a. 
handle. This fact is very important in the study of 
functions of end-scrapers. 11 i ndicates that l hey w ere held 
in the right hand, and also lends support to the conclu¬ 
sion. mentioned above, about the frontal use of the end- 
scraper. 

About ^ per cent of cnd-scrapcrs ore Worn on the 
righl Not only maietrial from sites ai honve 

fKosienki h Timonovka, Mezin, Stiponcvo* Sakajia 
cavci but also published abroad (hg. JOl lestlfy to this. 

VViib what authority do we rely on muletial known to 
us only by published ilUistrutiorts? Traces of wear arc 
not indicar^ on them. On dra wrings of end-sera pers 
this type of mark is never shown. Nevertheless wear on 
one side is distinctly visible even in drawings of tradi- 
tiOFUil type, provided t hey more or less correspond to the 
original- 

This kind of wear was formed by secondary trimming 
of the scraper which sharpened its edge not all the way 
round the semi-circle but only I hat part blunicd by use, 
that ts the right-hand side. Thus ihc tool gradually 
became lop-sided^ which is visible in the drawings. 

Consequently the function of the end-scraper that has 
been described is confirmed by material from other 
countries. Let lis turn to upper palaeolithic material' 
from abroad, beginning with Capsian siies of the north 
Sahara described by Breuil and Clcr^au.^ The end and 
disk i^crapem illustrated in this work from Wadi (dried- 
up river bcd!i Diffcl are worn on the right sidc> while 
those from Wadi Mengoub are not nil worn on the right 
side to judge by the figures. The grealcr part of the end- 
scrapers from Przedmost I Moravia I arc worn on the 
right side. The same is Ihc case on those from Magyar- 
bog)' (Transylvania).^ 

Other sites that may be quoted arc : Gorge d'Enfcr, 
Font-Robern EhMekla (Tunis), Lespuguc; Ereheu on 
the River Somme, SeriniA (Spainl, and Campigny.^ 
These and many other sites have yielded end^rapers 
with signs of wear on the right-hand sidCi 
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Fixing in ^ Imndlc was nccasnjy probably only for 
very snioU examples made on short blades. Such short 
cnd-scrapcrs ane qommonly met, and without a handle 
their use would have twn difflcull, although still 
possible. Broken examples found at some sites suggest 
the use of handles. In all probability changeable bone 
handles would have been used, in which ihe flint ws^s 
easily mounted and removed when no longer service¬ 
able- The existence of detachable bone and antler 
handles for burins and knive^s in upper palaeolithic 
t Ernes can be regarded as a strong probability.^ 
End-scrapers consitute a well-dehned category of 
tools: confusion about their purpose is to be attributed 
to a too formalistic approach to the problem. 
Analytical study of traces of use on end-scrapers has 
shown that they bear evidence of their employment in 
dressing sktn. Espedally significant are the peculiarities 
of shape of the working edge as revealed under the 
microscope. In the first place the working edge fihe 
sharp party is never straight; as a rule it is semi-circular 
or curved on an angle This rounduess and convexity 
was necessary in working on the under (flesh) side of the 
skin^ which would yield under the pressure of a compara¬ 



tively narrow implement like a semper. Had it noi been 
round but recljlinear it would have laccrnlcd or even cut 
ihrough the pelt at the angle. Secondly wear is confined 
to the edge of the flint which is blunled more or less 
uniformly by frkrtion. because it was held with iu axis at 
an angle of 75~ to the skin surface, Sometimes it W'as 
Eess. somelimcs as much as depending on the thick¬ 
ness of the blade and the kind of retouch on its working 
edge. Thirdly the striations occur as minute grooves 
intersecting the blade-edge transversely. Careful study 
of the grooves shows that they are slightly broader on 
the ventral side and grow narrower towards the top 
retouched part of the tool. This again indicates that the 
tool was moved frontally with the ventral side forward 
(fig, 31J-3). It can be seen best of all on flinty for on 
ol^Edian scrapers which wear more t^uickly and have 
sharp ftriations this peculiarity of the truces reveals 
Itself less clearly. The fomiation of suiutions on end- 
scrapers, fn the same way as on all other tools^ is 
due to the hard nrEineral partlcks that found their way on 
to the skin: sand grains, loess particles and other scrtiich- 
ing agents. 

The IdentlficatEon of wear traces on end-scrapers as a 
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jipcciiil rujictional cdicrion allows us to study these 
tools from sties of the different periods where they 
oDcur, Moreover^ tiding our wear traces we oin find 
tools with ihis function amount stone objects of very 
difTcrcni shapes, to which previously a different purpose 
had been attributed- In their study, as with other iraplc- 
roents, everything confirms the view' that tools can be 
very different in shape and yei have exactly the saine 
funciion^ and conversely identical shapes may have had 
quite different functions. The decisive factor ihertfore in 
the definition of function is traces of use. 

Tinionovka wasa site which yielded a large number of 
end-scrapers^ but also other tools which had not the 
renioicsi resemblance to them. These were massive 
irregular flakes, accidcntul produas of flint^orking (fig. 
12), Retouch on them indicated use, but their shap 
could give nd clue as to their purpose- By study of the 
trades alone the conclusion was reached that they had 
been used as scrapers in working on skin and hide- The 
traces were on the convex pahs of the edge and had all 
the specific i rails of scraprs. Some examples recalJ 
Moustedan scraprs. 

The inhabitants of the Siberian palaeolithic siec of 
Malta also resorted to flakes and chips for dreeing skins 
tfig. 33 J>. for this they employed short flaks one sick 
of which was retouched and the angles rounded off to 
make ihe working edge convex (fig. 11-4), ft is possible 
that this kind of scraper was mounted m a handk. 

The use of flint cores at Malta as skin scrapent is of 
greal interest- The broad convex striking platforms were 
trimmed to remove sharp angles and projections which 
would have spoilt Ihe work IIJ, 2). 

The scrapers from Afoniovu Mountain, wluch were 
made on flaked dioriic pebbles^ deserve special aiicni ion, 
Originally they nvere considered to be hand^axes (by 
N, K. Auerbakh) and subsequently were called disk- 
shaped chopping tools tbv G- H. Sosnovsky) or axes (by 
A. K Okla^ikov). Bxarnifiation of the traces of use on 
them has established that, in faett what wc have are 
scrapers for dressing skins (hg- 34/1). The kincmalics 
they reveal are characteristic of pataeoJiihicflnd neolithic 
end-scraperrs (fig. 34.2). 

A different kind of flint for use on skins has been 
found in neolithic settlements. For example, in Luka- 
Vrubkvetskaya braides ordlrtary cnd'Screpers we fntd 
tools on brc3ad flakes recalling Mausicfian examples. 
The working edge is not on the end but on ihe convex 
side of the blade (hg. 35J). 

There are some grounds for placing the neoliihic 
scrapers with broad working edge in a special category^ 
Generally the blade of such tools is less blunted and still 
has got its sharp edge, but linear traces are scarcely 
delectable on them. If is likely that they were used for 
primary^ dressing, for scraping off fai and grease, and so 
strictly they should not be called end-scrapers of 



12 Upper cmi-siT&pfr.t from TirstomvAa 
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sortcncn^ Po^bLy after blunting Auch brtmd scrapers 
were used for nsninving hatr Vi'hen the pell was being 
made ready ta be made up into skin articles. The 
removal of hair* * of course, would luive been done by 
cnide soaking in lye. The Eskimos, for example, until 
ver^ recently soaked skins in urine, which, as is well 
known, con Inins sodium chloride and lime.^ But hair 


will not always come away eaxiJy from the skin surface 
and often tt has to be scraped and siruck olT.^ End- 
scrapers with narrow working edge^ would have been 
^u^\& suitable for linishtng the skin with softening by 
nibbing. 

Clean ing and removing hair differ from sofiening: in 
ihc first the skin is spread over a stand, that is It is on a 


* Irt A MlddmOprf i/fmrwff inhr itfutlk ami |S*^ ||, |i. 11^, In noidx Slherin fpr laeinwv rekftJM livrr. 

rina jn[ud with rmlHt hrdka At\A othtf ^Hiinrk: in*1«rbl mm cArla>td, 

* N^Khic KTipfTi EtE lAftMtlmH vfry luv-Ter cumaplc, En tb* HukfiHrni jt Yui^iifftn CBiiilii^iruK dui in I95i Kriibevri^. TIkk 

vtipvn of tibBt mtek S-SQ ^ ih wl4di. w mmn luw n«seiJ«t baih lun^ tn me. Tp^ pT Oih tfiH iratf reBarJnl 

u iLPi’Kd- 
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marc or less hard support* while in softening it b 
stretched out, fur dow-nwards, and worked unsupported. 

It is not unworthy of notice that in eDntempOJiiry tkitt 
clothing munufacturv they still use a tool for softening 
which has a slighl resem^iKC to a stone sciupcr^ at all 
events in the shape of its working edge. This is a steel 
circle with a broad aperture Ln it for the hand of the 
operator^ its edge lined with wood or skin to make il 
mofc! comfortable to hold. The skin or Icaiher being 
treated is held over speciul trestles, while the opemtofT 
supporting the edge of the skin with his left hand^ holds 
the C3tc!c in his right hand and gradually pdls it over 
the whok akin. The tight bunches of fibres in the skin 


are softened and freed so that the pefi and whole hide 
becomes soft without breakup. A contemporary 
chamob leather is produced by working on both sides, 
while kid, calf and other skins are treated only on the 
underside. 

The flint erul-scrapcr that appeared in upper palaeo¬ 
lithic times continued to be made of stoiw in later 
periods. The F^kimos and Tierni del Fuegans besides 
sEOftc often used shell for scrapera. Stone cnd-scnipcrs 
only went out of use finally with the odoptioji of the use 
of owtals in everyday" life. AniJirapok^ists have 
observed the use of bone scrapeii& among scutic Aittcr lean 
Indians, but in archaeological collection bone scrapers 
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art very rare^ We may lioitcc oiw curious example of a 
scrjper of deer antkr from Olbia (Scythian penod) 
found in 1947 by S. I. Kuposhma, It will be notit^ that 
it is shaped Ltkc an ciKl-scrapcr (fig- 35.6^ Tlie semi¬ 
circular working edge is also worn on one side and the 
St nation traces of wear are analogous to those dn a n 
Eskimo scraperr found in the Chukotsk Expcdi[iDn of 
S, J. Rudenko (ilg. 35A 5>. 

From neolithic limes stone scrapers were used not 
only without hundks or with one-handed grips hul also 
with two-handed handles, like those w-c meet anwng 
northern peoples today. In such handles scrapers 5-7 ctn 
broad on an average were mounted^ where the increased 
force required to use them is considerdbic. 

Finally ii should be observed that examination of 
traces chciracteristk: of difTerem: kinds of scrapers allows 
us to appreciate the purposes of a most varied range of 
stone TtKjk. Tliese traces can be discovered^ for exantpk. 
on old disused adzes and axes. Traces of sudi re-tisc arc 
frequently found on the archaeological material from 
Siberia and Kamchatka. 

As an ethno^aphic parahcl for a similitr use of adics 
we may mention Wislcr’s description of life aniqng 
North ivtneiican Indians^ The facts mentioned by him 


leave no doubt that tools were used for dressing skin ihul 
consisted of slightly modified 'stone ad2s3t\ This tool, a 
Sort of adze, was mounted in a bent handle for dressing 
skin. 

Cf Shouldered points and their ptirpocse 

The lack of accord between the definiiion of a toors 
fimction by the traces of use it beairs on the one hand^ 
and IIS ap|»rcnt form on the osher* * has been most 
strikingly rcvcabd by research on the shouldered pqinis 
from Kosicnkl 1. These objects were first identified as 
javelin heads, and the lang at their base was regarded as 
a device for mounting them tn a shaft (fig. M.l). These 
upper palaeolithic weapons would have been connccfed 
with reindeer hunting. 

Shouldered poims {paimes d cmri) discovered at 
Wilkndorf (Austria) in an upper Aurigniician layer 
aUuwed Brcuil^ to identify them as chanicteristic of this 
period. They were known also from the caves at 
Grintaldi i>ear Monocoi^ at Scrgcac^ and at other sites. 
At home in the U.S.S.R.* bcsicks Kostenki they have 
been found at Avdeevu and in the site at Berdygu 
studied by Zamyatnin.' 

Study of the shouldered points from Kostenki I has 
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miroduced iiecessiiry correct ions to ihceifLablL^hcd vfew 
about ihcir purpose. Om the lip* of ihc points polishing 
in ntany cases ohscr^ ed, clear ev idence of prolonged 
use, whk^li extended over bolli faces. It encroaches over 
an appreciable pan of the point; on ihc fonvnrd part of 
the blade at the opposite end to the tang it is ttloft 
severe than on the intig itself. Moreover, it is a charac¬ 
teristic of this polishing thal it occurs not only on the 
projections of the retouched surface, the scar arrises^ 
but also in Ihc hollours. An especially curious fact is the 
presence of polishing wilhin the notch iisclf^ where it is 
much less intensive but covers practically all the rc' 
touched surface. 

The I races that have been studied reveal a new 
function for the toct,^ for it is itnpossiblc to believe that 
this kind of wear could have arisen merely by Its use as a 
spearhead. A head would be polished by wear against 
the soft body of an animal only if it had transfixed the 
bodies of hundreds of nntmals. Such a contingency om 
be cnLirely excluded. A point often broke against an 
aninvafs bonc^ as the Stump* of many points from 
Koslenkt I show . Flint heads of tvy-kraf shape from 
Tclmansk on the River Don welt illustrate this* where 
both complete and broken specinK^ns were found. There 
wTis a whole scries of liings which would appear to have 
been brought hack io the hut on the end of the haft after 
the front |xtrt of ihc head had been lost in the hunt. 

Very often these points would have been used as 
knives for disnvembering game. Such a poinicd tool 
would fuivc been particularly suilabk for discrntniwcl' 
ling miinimnthv. whose skin would be quite impene¬ 
trable^ with a blunt-cnded knife. 

Grasped with the tang in the palm of the hand and 
pressed forward and up a paint would ntake an c.\c€lknE 
knife for ripping open a oircass (fig. 36.2). This would 
explain live polishing mentioned on the notch as due to 
pressure by the hand. 

The fuiKtions of a point as a javelin or knifc-dagger 
are in reality extraordinarily similar. Consequently ihe 
methods of manufacture of the two wem similar, a 
circuniSLancc which is even more clear in neolithic 
industries. We may cite as an example ihe maierial 
coliccicd by T. Wilson.* 

Wilson asscmb!i^d under the title of stone knives 
{cotiftiHiX rn /Jicwl a group of tools which from their 
method of manufacture appeared lo be asymmeirical 
points for arrows or javelins. Functionally they were 
undoubtedly knives, although prepared fn just the some 
way as points. The majority of these knife-pomis were 
moiinlcd in a short handle for which there were Ewo 


notches on cither side of the base. Like a knife^ the 
points were inserlcd inlo a split haft and lashed with 
sinews. 'Many look which are regarded eonllLknily bv' 
archaeologtsls as arrow - or javelin-heads in reality were 
used as k^ives^ Wilson remarked.* 

Thus a one-sided notch or shoutder on a point must he 
considered not only as a hafting device but also as one 
method of blunting a sharp edge so that it can be 
grasped by the hand without injury. A degree of 
pollidiing that hunting projectiles would not have 
experienced is not ilw only argument against an inicr- 
pretation of ihe^e objects adjust Javelin^headi^: a nether 
h their variable ss7je, Besiides specimens 85-90 nim long, 
smaSI or even min^iture examples commonly occur not 
more than 40 mm long and 10 mm broad, which would 
be small e\en for arrow-heads, and h is very Interesting 
tha t they bear traces of use as awls. 

d. I^abieoirthfc Iturins 

Mn Aurignacian linw* there appeared a hitherto un¬ 
known implement, the burin. Excellcnily lilted lo a new 
kind of work, cutting up bt>nc, antler and ivcsrVp which 
had thcui come inio use, it was so remarkably suitable 
for this type of work thtti its origin would seem inexpli¬ 
cable. However, one need only examine large collections 
qf Aurignacian cores in order lo make an easy guess 
about ihk, for on them a sharp edge formed by two 
facets w III oficn be found. This fact ahuws us the origin 
of the burin/* 

Such was the view of L. Capican about burins. With¬ 
out entering Inlo polemics on Ihis hypothesis about ihcir 
origin we may observe that, in spite of ihcir siniilarity lo 
coniemporaiy steel burins, ihcir function had for long 
not been understood, and they had been given the con- 
ventiomtJ name of'screwdrivers' However* by 

then the experiments of Leguay had demonstrated that 
this tool was used for working bone, and that it was 
done on the same kinematic principle as with a contem¬ 
porary sicet burin. 

Thus the problem of Ihc real use of the burin was 
SCI I led. although the possibilities of further oxpcrjitiqnial 
work wt!rc not exhausted. It had come to be recognired 
that the basic morphological sign of a sIdik burin was 
the so-called burin facet. Using this, Bourlon worked 
out a classdication of burins * believing it would prove 
useful for assessing thechdractcristics of sites and dating 
thcnii 

According to the posilion of the facet on the ic3ol 
Bourlon classified it as Ihis or that typo of burin: side, 
ntedial, angle, tfurrsverse and so on. If the burin scar was 


' T WDicin. CfmprfJ frnWtPi*i CiUfWi* i^kfnfopriWiutfTfruiJjfilVlZt^ pp 
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on a bfg^ niriL iL would be called oore-shaped. mulii- 
raocted or polyhediic. As the foriti of a burin arising by 
flaking and retouch is variable^ the nomenclature 
apcCp each siudent creating a new term as he wanted it. 
In order to put an end Id this CorodlsDv profxirsed h$s 
oviTi classiftcation based on the material from 


Tiitionovka and SupOftevo^ He divided the ^ 
buriiis fDiiRd into ilditecn groups^ and the^e he further 
subdivided into seventy-hve types. 

Today Gorodtsov's dassihcaiioo of burins is not 
regarded as of much value, it only goes to show how far 
u student of systematics may siray from the basic duties 
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ofx\entx when he sets himself Ih-e Usk of only sksedb- 
ing shapes and not seeking an e^i.pJanmion of their 
origin.^ 

The oruf-sided approach to iKe study of burins has 
been further c:iiendc:d by Tcrrade,* * Peyrony, Garrod, 
Bouyssonie^ Ncuvilk^* Pradel and othetSi* Relying 
exclusively on the ediedon of burin facciSi. or more 
exactly on the presenoe of a small flat edge pnoduced by 
vertical Raking of a blade^ they have begun to see burins 
even in Moustcrian and Adieulian industries^ However, 
there is no kind of eVEdeiuce to support the nrul csisienee 
of the Mousterian burins I hat I he authors have claimed. 
Such evidence would be provided by bone objects of the 
period bearing traces of work from burins, but, as is 
weli known, such material proof is tjuitc abseni from 
Mousterian sites- 

What are the sa-caJled oorc-shaped or mulLi^faceted 
'burins* with iwo^ three and more barm sears (fig- 
37,1)? Capitan considefed them as (he initial form of 
Aurignacian burins. Are we, in fad, dealing wdb burim 
at all ? Could one conocHubly cut bone or tstcn wood 
w ith such u tool whose working pan has several facets? 
It is well known that the most imponum structural trail 
of any burin, starting with undoubted ethnographic 


specimens (for exampICp Eskimo ones), whether stone or 
metaJ, and finishing wnth modern steel ones, is the 
presence of only one facei or side on the working edge. 
A good specimen of a flint burin, for example from 
M«in (fig, 37JL IS very close in shape to ihc simplest 
form of contemporary bunn (Hg. 37.2). Is has one 
cutting face and one cutting angle only. This rule holds 
good for all burins, 

We may add ihat the bone burins of the Bororo iribes 
made of an animal tooth (incisor) similarly have one 
working facet (fig, 37^4), tt is very probable that some 
neolithic toob from Siberia, recalling small cores by 
their shapc+ were actually burin*. Their side surfaces are 
multi-faceted (fig. 37.6X but on these (he conical side 
lies almost at right-angles to the facet, which makes 
them more suitable for cutting. The traces of use on 
these burins, a few of which have jusi reached our 
laboratory from the Irkutsk iVfuscum, have not yet been 
srudied. Nev'crthelcss they are quite dilTerent stniciually 
from the flint objects from Sib^a known as 'ncolilhic 
burins' (fig. 37.3). 

Traces of use have been identified on singIcTaccied 
burins; ihcy consisted of groups of fine parallel lines on 
the side faces. On a burfn from Mc/in these stiiations 
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iay mx on ihc front bul on the Ijack, for ihe biirin was 
wj<lcr here and so &ufTere<l the initini wenu The Jines are 
at right-anEles lo the asis of the burin and parallel to the 
surface being cut. l>uiin| wertk a burin evidently was 
titled into a handle and held in a vertical position 
(hgJS.5). 

(Observations by V, T* Ivanova in 1954 on barins from 
Timonovica made with a binocular lens are of consider¬ 
able interest. These revealed severe wear on the burins 
whose traces showed that they had been used in a quite 
unusual way. The w-orking edge on one (a tnedial bnrinj 
was not the burin angle produced by ihe facets but the 
ventral surface of the blade. So during use the under-fat-e 
(flake surface) was in a frorual not u sagiilal plane. The 
side facets w'erc w^om by use and so had lost their lustre 
and become mat. The linear marks of movement were 
ver^ distinct (% 38.6). 

Another burin (of normal iype) with working edge 
produced by a burin blow had traces demonstrating its 
use not only as » burin but also as a chisel. This seeon- 
diirv function could be prodioced by uliering the poslHon 
of the hand so that the axis of the lool changed from a 
vertical to a horizontal position. 


The presence of a burin facet, which is regarded as the 
morphologica] trait of burins, is not a criterion of 
furKiion in all cases. 

Kostenki IV has yielded maicriu! i I lusi rating this 
point, li produced typical medial burins on long re¬ 
touched blades: two opposed burin facets on one end 
shouldp It would be assumed, leave no doubt thut these 
were burins. Arcluieologists to whom these tools were 
shown unanimously agreed that this was so, and yci 
micro-analysis of the surface pfoved it to be otherwise. 
The use traces were found not on the burin facets but on 
the back of the blade. They took the foim of striations 
running half-wny across Ihe back from one edge, and on 
this basis the tools were identflkd as whitding knives* or 
oncyhaiidcd plarwts for use on bone ond wood.^ with 
functional artalogues in other sites {Kostenki IK whencp 
however, they were made in a differeni way. 

The burin faecis Dt Kostenki IV must be regarded 
merely as a device to form a part either to be grasped in 
the hand or mounied in a handle. The use of the Inirin 
technique in the manufacture of other tools carmot be a 
matter for reasonable doubi. By striking off p single 
flake vertically with one blow ihe sharp blaile^ge was 
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removed insicad of n»oning to more laborious blunting 
by pressure reioutrb. 

In the matcdul fTom Kosrenki I and other dies there 
toob wiih iraocs of far oitting meai^ und^ as 
already nwniioncd^ the traces take the form oF a fairly 
wide area of polishing on both faas of the blade. The 
opposite angk of the blade has been taken off by a 
burin Wow in order to provide a rest for the iadex Finger. 

The use of a barin blow to Nuni a hLidoedge. io the 
pans where its sharpness would have imped^ its use 
when held between the fmgers, be ohserv^ed on many 
lools used without hnndles^ Sakajia cavt yielded speci¬ 
mens oF concave scrapers for use on wcx5d and mm, 
made on massive flint Hakes. The sharp edges of the 
flake had been removed on both sides by burin blows 
which would have allowed it to be held between the 
index Finger and thumb. 

It is very instructive to consider the use of the burin 
blow m the manufacture of Hint drills in some neolithic 
sites. Such evidence has jusi been Found In material 
from a site discovered bv Okladjiikov at Khakhsyk in 
Yakutia. Small tools madk by flat pressure retouch from 
this site had pointed ends re-sharpencd by taking off 


99 











OKIC TKt HNnJ.QGV 


burin spiltls from one or iKiSh sid«.' Originally tilt 
tools Vfcrc awls, but micro^anidysis reveakd etcar iraccs 
of their reuse m tin Ha. in ihc fomi of transverse siriu- 
Momaeross the burin facets. The facci arrises had acted 
as ihe cLiiiii^g edges during boring. 

New evidence thui a burin scar is not an undoiibied 
indkation of uac of ihc tCH>l as a burin is provided by 
certain burins pncpansl without such blows At Me/in. 
I-liseevkh, Malta and other upper palaeuliihic sites a 
series of smalJ hint looh of beak-shaped form ha%c been 
found. Research has shown that they were used as a 
special kind of burin. Ln some examples, as at Me^in. 
Iltcsc bunns were made by retouching imiguLiir Hint 
blades selected from the mass of waste flinl (fig. 3^. I. -i). 

For what purpo^ were such tools us^"? The beak- 
shaped form with drot>ping conical pomi and (he 
characicr of (he lustre indicate that only slight physical 
force was needed. They were not ibcreforc suitable for 
cutting bone transversely or longiiudinallyi for this 
re<^uires great pliyAical force and a solid cutting angle 
which ts not present in beak-shaped huirThe sum of 
[ndicaiions suggests that they were citgruving instru- 
mcnis. loots for urtistic sculpturcr of bone, especially for 
engravings of animals and ornantcni (fig. 5). 

In Mezin. Malta. Eliscevjch, and Kostenki 1. where 
the burins just mentioned have been found, engravings 
on bsme are well known. In Mezin. moreover, a bone 
handle was found specially prepared for cngravuig on 
bone. It is probable that "the burins from the Grotte 
d'AmmoadcsiFrartcek known under ihc name of “beak 
wilh notch' ibre a rticmht ), and regarded as engrav ing 
instrumenK, had an analogous purpose, 

Jn conclusion it ts noccssary to turn our attention lo 
one or two types of burin found in the neolithic site of 
Khakiwyk in Yakutia, and amongst theuncicni Eskimo 
material found by I Rudenko in the Chukotsk area. 
These extremely" individual types are iiiti not very 
numerous. For’the Bering Sea Eskimos, who were 
already fEimiliar with iron and iron burins, stone burins 
were "an exceptional survivah They were made of 
coloured flini, chert and obsidian, and weru either serni- 
circular or rhombotdal in shrtpc- They were minic not on 
blades but on either Rakes or labidar flint (as at 
Khakhsyk) and retciuclicd. These burins w^rccommonly 
iwo-sided and intended to be mounted in a handle flig^ 
WA 7). The cutting edge in some cases had been made 
by a burin bhwi- and in others by fine trimming. Micro- 
analysis reveated the xtriations characteristic of all 
burins on ihcir tmeral faces. On the obsidbn burins the 
siriaiions w ere weak; ihe Traces of wear took ihc form of 
rough patches withoui lustre along the side of the 
cutting edge (Rg, 39. S, 9), 


Thu.s the study of burins by traces of use has brought 
real revisions io the previoujs typological view of these 
tools. 

e- Flint flwls of upper pnlaeoLithie tImtA 

The discoverv of bone needles w ith eyes, and awls, in 
upper palaeolithic sites has caused the invesi!|ator to 
raise the question as to the existence of sewn skin cloth* 
ing in this period. Ahhough the majority of students 
the present time do not doubt that hunters of the upper 
palaeolithic period protected themselves from the cold 
with skin clothing and knew how to sew, there arc still 
some who continue to contest this view-. They contend 
that tile cxisicnGc of needles and awls m such a remote 
pertod does noi constitute sufficient proof of the exis- 
tance of sewn clothing. In support of this iliey cite the 
AustraLiuns^ w ho had no sewn clothings but who used 
bone needles in sewing situill skin articles. 

SViihout dwelling on the fact that ihc trnpical or sub- 
tropica] climate of iltc areas where she Australians live 
is irrclevanl tu the ix^ndiiions of Icc-Agc huro^ and 
Asia^ v^-c wilt confine Ourselves to thiasc toots w-htch arc 
closely eonnccscd with the working of skin and tur. 
Firstly there are ihc charactcHstic upper palaeolithic 
end-scrapers used for cleaning and softening the under¬ 
side of the fur. Secondly in the same period there were 
bone burnishers used on the outer face of the skin. 
Thirdly there e!<istcd bone needles and nwh. Fourthly at 
this period mineral colouring was widely employed, as 
revcokd by i he presence of stone and bone mortars, 
pestles and ochre of various shades on the sites. It is 
difficult to amoede ihai all these were used for stniill 
skin objects (like hsigs- screens and so on) of secondary 
importance in Hie life of prehisioric man. The remaining 
caitrgorv of tools, dosety connecicd with the sewittg of 
cloihing^ were n variety of flint awls. The existence of 
these lools has been established on inany sites, some¬ 
times in great numbers. There are some grounds for 
supposing that only thin skins, taken off small animalsv 
could be pierced with a bone needle, and even in this 
case ii would have been necessary in broaden the hole 
with u bone awl, so that live ne^le could pass freely 
through with 0 thread of sinew . Thus the skin would be 
pierced preparatorily^ ihen the hole widened with a bone 
point, so I hat linatly Ihe needle and thread themselves 
could go through. 

Flint awU would have been preferable for initial 
piercing. Using u Rim awl ii would have been possible lo 
sew together skirts and make compos!Ee articles without 
a needle by passing a pliable sirtew directly through the 
pierced hole. On many palaeolithic sites needles have 
not been found and it is quite pcAAibIc that in a number 
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of case^ sewing was done wiihout ihem. Flint awls l^ad a 
very sharp lip broadening oui towafcb the bsutp which 
made them suitable for piercing a hole Ln ihc skin for ihc 
passage of ihe ihread. However, work with an awl had its 
snags. A broad awl might not only pierce bul also with 
the prcf^ure cut the skin^ while the projecting point whs 
liable to break in use on thick skia^ If there wHsa careless 
sideways movemcnl of the hand. So Id widen the hok to 
the necessary diameter a bcaic awt was reijuired. The 
flint awl merely began the hole; a bone point of circular 
Section opened it and stretched the cla.siic of the 
skin, so that after the passage of the thread (with or 
without needkh the hole clds^ up and gripped it. Such 
would be the process of work with a piercer aw-L borte 
point and needle in sewing skin and ftir clothing in upj'^r 
palaeolithic times. 

We have studied flint awls from differenr pabeoiithic 
sites. In Kdstenki 1, as icmarkcdabo^c^^awbi were made 
after the faiihion of i^houldercd poinls- Small flint blades 
went subjected to steep retouch at the base where the 
nOKh wus made, and (hen the tip was sharpened hy line 
retouch, whtvsc facets can only be citamined wfih a 
magnifying gkiss tt\g. 40.1 -5k Sometimes the sharp edge 
of the awl was retouched to blunt it or make it na mower. 
At Kostenki I in certain cases smalt elongated flakes 
wi(h narrow sharp ends wore used as awls. They were 
employed without trimming and their purpose can only 
be recognised by llte (raws of use on them. 

tixampks of the use of flakes or irregular bkdes 
as awls hji^e been recognized on nmtcrial from the 
Siberian site of Malta. The flakes varied tn form: 
someumes the tip was trintmed with rir>c retouch^ some^ 
limes noL 

The awh from Kos(cnki tV arc of great interest in 
research. Ai this site in the complex of a Jong fiouw a 
large quantity of flint objects of micralilhic appearance 
were discovered. Small line bladclets, struck off with 
burin blows from farger blades, had becr> carefully 
treated with hne retouch on one or both edg^Sn and a 
subslantia| number of them had a sharp (ip bearing 
traces of use in piercing- JTobably such awls were used 
for sewing together the skins of small animals without a 
bone needle. ITiis .supposition is based on tlie preseuee 
in [he site of a targe number of hare bones, about 100 
individuals. Besides aw b little blades were found whose 
ends did not come to a isimight lip, but were bent over at 
angle of 1-30 to their ilvcs- In one insiai™ the blade 
was blunted by rctoucb> and study of the end of the 
point show'cd that it had been used for cutting. In all 
prohabiliiy the initial cutting of the hare skins (renio^til 
of paws and stroigbieuing the edge) was done with these 
tools before sewing them together. This suggestion will 
require fuiihcr study for verificaiion. 

Study of flinE awls under the bincKrular inicrascopc has 
led to the identification of traces of wear of two types. 


(1) Striations in the fomi of fine lines alwajs on the 
very tip and parallel to tbc axis of the aw], that is iilang 
thc'lincof the working movement- Someiimes they take 
the form of sharp lines produced by hard sand grains 
that had found their way into the pores of the skm, but 
ihis i.v i\ nire, nol a characteristic trait. 

(2) Polishing of tbc tip is ofien dcioetable wiEh the 
unEiided eye. Under the microscope the unevenness of 
Ehc pislisKing can be seen cov^ering the whole lip surface 
with an irregular lustre. The sirongcsi lustre on the 
projecting poru which during use encouniered the 
greatest resistance from the materinl being pierced (fig. 
4Q^1), This occura above alE on the facet arrises facing 
forwards^ sinictural lumps in ihc flint or projecting 
pieces of impurities in it. On the reverse side tlw projee- 
Eions often ha^ c no polishing on them. 

In rare eases al tempts to sharpen the point by grinding 
can be nKognizcd. An example of I his m an awl from 
Kostenki I with a notch at its base (fig. 40.41. On both 
fctouehed edges on iis underside there arc defmue 
traces of grinding the edges of the tip. 

In Kositfnki I bestdes normal aw Is on blades and 
Ikikes u completely individual type w^as identified. This 
was a beak-shaped tool made on a retouched fUke. 
Thc beak' or chisel-shaped lotil ho re traces of strong 
polish mg and striations indicating that it had been 
driven into sojnc materiak which might well have been 
skin [fig. 40.6,7J. 

f. I p|HT patavolflhie mi'at knii^'S 

One of the most importuut functions of stone lools in 
pataeoliEhii: limes wus skinning and cutting up ibe 
carcasses of game, and also cutting nviat during eating. 
Animal skin, muscular fibre and tendonsare '■ejfy tough 
male rial and Strongly resistant to cutting. Human icelh 
and fingernails, in contrast to predatory animals, arc not 
at all soiled lo even rough and ready dlsnicmbeni>cnt of 
large game. A flint blade or flake with sharp edges would 
be an essential tool therefore in the hands of a pafiitso- 
lilbic hunter. 

Since the division of u carcass and the culLiug up of 
meat is not n formal creative act. like making a stone, 
bone or wooden object, it might appear ai first sight that 
the mere division of a whole body into parts could 
done with any kind of flint flake or blade that wa.s in 
hand. So it might be conctuded that (o identify any 
specially prepared knife designed for cuciing meat would 
be imposribk. In point of fact this is not so. 

It has already been shown thai some shouldered 
points bore tracck of use for ripping* disen^bowclling and 
cutting up game, which arc specifically cbaracierisiic of 
this. Such irace:SCOuM not be formed by any other kind 
of use. However, on many other sites in the Soviet 
Union lihoufdcnid points have not beets found, although 
the dismcmbcnneni of ^me was undoubtedly done 
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cvcrywhcft. Evidently therefore for IhJs purpd&e then? 
existed imp]cmenl5 of another form. 

Among^ the materUtl from Malin vi-ere a 5erie$ of 
short blades, barely retouciwdexcept for some relatively 
Insjgnilkant trimming, Tlw lurgesl were up to 80 inm 
long> the smallest up lo SO mm, and their width varied 
from 20 lo IS mriL On each of them one sharp edge was 
polished. The other edge either was not polished or it 
was too thick lo be used for cutting. The polishing 
extended on lo both faces of the blade, vcntnil and 
dorsaU which showed lliai its function had barn to cut 
into a soft materia! into which it had sunk, prohobly 
meat* The polhhing, however, did not cover the whole 
edge. The thick end had remained unpolished as opposed 
to the thin end (%. 4f.l-l). 

Relying on the signs of wear* it can be inferred that 
the meat kfiis'es from Malta were used wirhoui separate 
handles, being held between the thumbs index and 
second hngers. The thumb and second finger held ilw 
Sides Is^ntral and dorsal faces of the blade), while I he 
index finger pressed from cm top m the forward end of 
the blade, where an area had been blunted bv jretouch 
1 fig. 41,4). 

In palaeolithic times mcii was the basic kind of 
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fcKKl and was caicn ciLhcr badly cur^d or raw. 

Centrally pastomJ or hunting pcopk Uikc iJi? noniads 
csf Mongolia, Tibet, Aby^innia and other countricsi eat 
such nieal wiih a knife in one hand. Meat is normally 
cut into strips* and baked or cured in this form. Then 
each person takes a piece and^ bolding one end in his 
teeth/cuts it froc wiih a quick movement of the knifo aE 
his mouthy repeating the operation uniil ibe whole strip 
has been consiimed. The cutting is done upw^ards from 
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itiatrrip! tif VftfAfl ami Kojiritki I: sk^ri knife il) 
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at /he month white eatia/t ftf rreimUruftianls 


below. We have seen this done among Nenets reindeer 
herdsmen in the Kanin peninsula in J92S. WiEh raw 
reindeer meat a nd fat this method is urn formty praeiised 
anHjng pmcllcally all northerners. It is due not to 
cusLom or habit but to primitive conditions of life, 
where it appears the most rational method. 

In Kostenki 1 besides shouldered points a special type 
of knife had been used, the blunt-ended knife (fig. 43.1, 
2k It consisted of a hint blade up to 150 mm long, 
nciEhcr side rcEOuched^ if we kaw out of aocouai the 
nctouch on the very end. At the lower end, w hich was 
held in the hand* boih edges were blunted by retouch. 

A peculiarity of this knife was lis method of use as 
indicating by polishing. This covered the working end of 
the knife on all sides almost at a]I points of its surfaccn 
and then spread from the edge almost to the middli! of 
the blad^T where it gradually weakened. On the working 
edge the shine was mirror-like. From I his it is evident 
that t!ie knife had had long use and was employed with- 
oui a harwHe ^fig. 43.2). 

That this knife was employed in the treatnicrat of 
carcasses cannot be doubted. The polEShing covered aJI 
the hollows of the facets^ and could have been formed 
only if the working part of the tool had eficouniered 
resistance from a pliable but elastic mass which made 
contact at all points on tts surface. Such matenal could 
only has-c been the muscles^ adhesive tissues and internal 
organs of an animal's body. Probably ihc knife was used 
for sk inning. If a skin was to br taken off in one piece a 
knife would be rvecessary to cut it free at the head, ncck^ 
tail and le^ of the animal. In taking the skin off fat 
animals a layer of fai is also peckd off stuck to the pelt, 
and commonly with the fat are tendons of rneat. The 
skin therefore would have to be cut free underneath to 
nckase it from the animal's body* and a blunt-cndcd 
knife would be safer to prevem damage to the skin, 
which i$ easily pierced or cut through during this 
operation. 

A blunt-endcd knife would be unsuitable for ripping 
open a carcass when the skin has got to be severed, but 
cutting can be substituted for piercing by pressing the 
blade down hard on the animal's skin with the fingers of 
the left hand.. Moreover, a palaeolithic hunter was 
supplied with sharp-ended knbes (fig. 43 J, 4) and other 
suitable tods. There are some grounds for believing 
that when skinning he made use not only of stone 
knives but bone ones abo. which have not yet been 
studied. 

Mkroscopic study of the surface of a whole series of 
blunt-endcd knives from Kostenki I has sliown that 
these specimens, which had a specially long duration of 
use, have not only marks of polishing but also a dose 
web of linear murks in the form of scratches Eind Jinn. 
The latter were not oriented in one direction, and on the 
working end, which wiis the most inicpsivdy polished. 


JD4 




43 Upper paiaeoUihic rtvai knives/nm K^sfenki ft J dw /2 htimi-eniM < I pf^Iish/f^ on^urfisee df mt^rkinf 
tftd twT holh 2 sHiatians directim of movrrmnf}: 3 wid 4 poimed <4 slriafians <m 

venfral fatxK 5 w&rking posSffan of pointed knife reconsfruciedr 
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they intersected at various angles. This kind of web of 
lines (% d6J) indicates that during use the knife did not 
have oiie definite cutting plane, nor a constant angle at 
which ft was held; the working posidon of the knife 
varied as one or the dibei- edge w as used on the mn tcrial 
being cut. The bund could have svich freedom of move¬ 
ment only in cutting muscular and other fibrous body 
parts. 

As regards the siriations on the blades ificmselves, 
they usually run almosi patallel to the blade edge or 
slightly inclined to it^ and occur on both faces olmosi 


over the whole surface (hg- 43.2, 4). This indicates that 
the knife was deeply embedded in the material being 
worked, and operated with a oiw-way or two-way 
'sawing" movement necessary for the crossreuiting of 
muscular fibre, tendons and sinews. 

^ Muotiihic flint kuhes from C'rifnean cares 
Study of flint knives made on blades reveaU the 
varied uses to which they were put in dally life in the 
Stone Age. Those dug up by tondi-Osmolov'sky and 
Bibikov in the Ciintean caves of Kam-Kush-Koha, 
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l'qtnia-Kob:i_ Shiin-Koba. iiuil Myntak-Koba must be 
pat into a special Cfitc^ciry. 

Hie first specimen Cftmc "to light iit VckiJova^s eatcava- 
lion jn Kani-Kush-Koha iit 1^^, It is a small flint blade 
(75 mm long, 10-12 mm broad) toothed along one edge 
and with intense wear cm its surface (fig^ 44.1). showing 
itself as gloss on lop and bottemr faces of the blade. Ln 
uddiiion ihc umses and the working edge arc strongly 
blunted from the loss of brg^ particles in the material 
iiseir Such wKtr coald only have arisen as the result of 
very prolonged use. It must be cmphasi?iSd that taking 
alt the facts into considcrution fsize of the blade, its 
section, the disposition and mkcro-struciiirc of the 
tracesj the evidence points to the L.se of the flint upon a 
resistant material with the elastic lough ness of animal 
matter. We can quite c?tcludc therefore stone, bone and 
wood. 

The si nations occur as very fine lines on she ventral 
fact and on both facets of the dorsal face of the bbde, 
and he at right-angtes to its working edge ffig. 44 . 2 ). The 
micro-photograph sbow.s that they deviate murkcdly 
from a true right-angle and intersecs with each othcr^ 
tndbcasing merely Ihe variable position of the aitis of the 
insirumem, which is a common occurrence in work with 
the hand Ifig, 44.3), In every case the sexiure of these 
tracer dilfers from tJsose on meat knives. Moreover, such 
strong blunting of the edge eouM not take place on meat 
knives (fig. 44,4)1. 

Further examination oF other masedaJ from I'atma- 
Koba, Murzak*Koba, and Shan-Koba revealed that 
blades with unalogous traces occtirrcd there (fig- 44.5). 
These blades dificred in shape, size and section^ but Ehc 
marks of wear were identical. In all cases ihe polishing 
occurred on both faces of the blade* upper and lower, 
while there was a variable degree of bluniing on the edge- 
Jn each Cose the striaiicns were at right-angles to the 
working edge (fig, 44.5). 

The decipher men I of these tracits gave rise to great 
difiieulites. It was quite ob’^ious that they were not used 
for cutting* but for some kind of scraping, and yet ihe 
mBtcn'uI worked had afTcctcd both faces of (he blade. It 
was also clear that the tool's movement wiis 'on himself 
and the tool was undoubtedly used wiihout a handle, as 
indicated by the weak poli.shing on ilie surface of the 
non-working parts. All that was known about methods 
of working on stone, bone, wood, skin, or cutting meat, 
or sawing difTcreni hard materials, had no relevance to 
the wear traces on the mesohUuc blades from the 
Crimea. 

The only possible use at that period which could have 
been responsible for such traces would be the scaling of 
fish. 

In this operation a sliding movement is used with the 
blade held at a slight angle to the surface being cleansed. 
The blade edge cneouniers resistance on both faces; 


below ii IS in eoniacE wiih (he skm of the fish, while 
above friction orises belwicen knife and scales, as ihe 
former sinks beneath there, tearing them off the skin 
Ifig. 44.6). 

Did the nwsolithK inhabuanLs of the Crimean caves 
clean the Itsh for eudng? Remains of fish bones huve 
been found in the caves. CUmatic conditions of th-e 
period gave rise to a primiiis^ fishing economy accom¬ 
panied by collecting. The fish were probably eaten both 
cooked and raw; they could be baked on a fire without 
removing l-hc scales, bui sealing was necessary if the tlsh 
were caien raw, as is commonly done by nort hern fish-er- 
men, Oceanians^ natives of the Australian coast and 
other peoples. 

h. SVhhilimi kniveJi uf pahiculiihic and neiililhle 

In the existing terminology^ applied to paiaeolithic and 
ncolEihic tools n whole series of names arc used for 
knives: 'knife shaped blades'* 'bluntcd-back points’. 
'poinES in the shape of a penknife blade', *scmi-lunaie 
knivcs\ 'elbow-shaped knives\ and so cm. Such names 
tell us nothing about the real purpose of the took 
Commonly eve re conceivable kind ofeuEting of difiercni 
materials is aitribuEcd lo the 'knim" wiihouE any 
explanation of ihe ctiaractcr and peculiarities of the 
work done by Ehem. 

In Ihe Stone Age ii was actually possible for tools to 
fulfil two or more funciions, hut divisions of functions 
between tools arose at an early stage, Tliis division of 
funcEions bctWTwn tools in Ihe Stone Age invites com¬ 
parison with the position in the early meiaHic period. 
Stone toots on account of their brlicleness could not be 
used for different kinds of work requiring different 
degrees of force or angles of pressure on the edge or 
point inthe samc wayas meial tools could - i’or e.xampk, 
a 'point with blunted back' but reEOUched working edge 
is very thin in seciion, and such a hlade^ga could not 
whittfe wood or bone although iE might cut meal or skin. 

For whittling wood and bone a new impIcmcnE vwis 
introduced m upper palaeolithic linKS, the whittling 
knife* which we ha\Tc identifted m the material from 
Koslenki 1 and IV. 

The whittling knife from Koslenki i consisted of a 
dint blade 120 mm long and 30 mm broad (fig, 45.11, 
which, as with the majority of prismatic blades, was 
bow^shaped in section, Boih edges were worked by* fine 
retouch. The left side Is slightly blunted hfy retouch in the 
lower grasping part* ihe right side bears a slight notch 
made by pressure retouch at its forward end to accom¬ 
modate lire index finger (A), 

The tool bore traces of prolonged use and the grasping 
part had been slightly polished by the hand. On the 
ventral face ihere is an area of intense polishing on. the 
right-hand side, growing stronger as ihe edge is 
approached. On the upper sutfacc of the too! there is no 
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jnicnM polishing, but u weak gloss ull cvet (he tool 
aiLsed by Ihe friction of ihe human hand. 

Carefu] ex Aminat ion of the whoic tool showed that 
the lustre on the grasping part was trdnf>ected by very 
fine short linca> running in dilTercnt directions- 1'his type 
of wear arose from sand grams in the pores of (he akin 
which from the pressure and sliding of the hand left 
Irregular irdces on the Hint surface. 

The striaiHons on ihe pohshed pan of the tool were of 
unite a different kind. Here appreciable scratches and 
lines were found running at right-angles, diagonally or 
occasionatly parallel to the edge ifig. 41 h The blade edge 
was not only polished hut to"some esteni jagged with 
liny sears, mainly on the under-faet, which had caused 
the tool to become unserviceabk a ad be abiindomd^ 
During whittling particles of Rinl hud been torn off the 
edge under (he pressure of the hand, which probably 
also scratched the working surface of the blade. 
Extraneous abrasive elements might also have falleni on 
to ihe blade.* 

Tlic dorsal surface of the blade was not worn. We 
have already explained why the upper surface of a 
whiiiling kitife is hardly ever worn. When we whittle 
wotid with a ihin rnetal knife iltc blade, as it sinks into 
the wood, sgHcrs uneven pressure and friction, but even 
tlw side facing the paring will bear traces of wear. A 
Hint whittling knife is a good deal thicker with a steeper 
edge angle, because a thin flint blade would crumble at 
the tirst movement. A thick blade produces a thin pairing 
which curls up into a circle and so hardly e^er causes 
friction on the upper side of I he blade. This applies par¬ 
ticularly to bone from which only a very thin paring can 
be removed. There arc some grounds for supposing that 
the whittling knife being discu55ed was used to best 
advantage on bone: traces of whittling on bone objects 
from Kosicnki I are numerous- 

In Kosienki IV whittling knives of another type were 
employed tfig, 4S.}‘5X They were made on blades, but 
have letouch on both edges except at the grasping cnil, 
where both sides have been removed by two strong 
burin blows, giving the buit ihe form of a medial burin. 
It is customary to cal! such tools burinSi but in fact, in 
spite of the traces of prolonged use found on them* ihcrc 
are no traces of I heir use as burins. The wear traces on 
the underneath were not on the right side asat Kosscnki 
I but on the left which is their especial peculiarity. On 
tlte micro-pbotographs ihc traces emerge as scratches 
either a( right-angles or slightly inclined to the edge 
(fig. 4b.2S. There arc no notches For the index linger on 
Ihe knives from Kostenki IV, but on one (fig, 45-3)1 liere 
is a notch in the mtddJc of the lefi-ltand side (A|, In 
holding it the second finger of the right hand would rest 


comforiably in this notch. Its presence and ihc position 
df the wear traces on the left .side are evidence for 
reconstructrng the process of wtuttling dilTeiently from 
I hat with the Kostenki I knife. If ere the whittling was 
efTecied by a rnovement 'away from himself' (fig- 45.4), 
This method allowed the applicaiion of nuich greater 
force by making full use of the shoulder muscles. Evea 
the left-hand, which in the*on“hiniseir movement rrorely 
grasped the object being worked, in Ihe ■from-himsclr 
movemeni played a full part by exerting pressure in a 
contrary direction to (he right hand. 

TFse whittling knives from Kostenki IV cvidcnily bad 
prolonged use The intensive polishingH particularly on 
one of them* the indications of repealed trimming of the 
blade with secondary retouch* as well as a fair degree of 
gloss cao-sed by the hand over the whole surface, all 
icsiify to this. The possibilitj* eunnoi be excluded that 
the opposite side of the blade (fight on the undcriMathl 
was sometimes used in work* but striaiious there were 


scarcely detectable. 

A ^hird kind of whitiliug knife has been identified 
from llw Timonovku maierial (fig- 4SA). Tfiis is a short 
knife, sometimes irape/e-shapcd. The pabeoliihii: 
craftsmen whittled wiih this knife, holding it between 
the thumb and two fingers, or possibly rnserted it in a 

liaft, , . 

Thus the wliitiling knives which we have idenhhcd m 
upper paiaeolnhic industries, allowing for iheir differ¬ 
ences and individual peculiarities, arc distinguished by 
the following charuclcfisiies: 

(I) They art made on blades^ 

(21 They can be irimined or even formed by retouch 
and' burin blows, bul somciinires they' are not 


shaped and have no retouch. 

The most Important criteria for functional idenij^ 
ficaiion are two types of we^ir: polishing and 
striatioits- 

(4) The main w ear is, a rule, confined to one side of 
the tool, and on the other side the traces are less 
distinctive. 

(5) The worn side must be the ventral side of the 
blade, as the smooth side atway^ faced the 


material. 

(6) TIte polishing is along the edge of the tool and 
gradually wcakcfis away from the edge. 

(7) The stria [ions indicating the direction of the band 
movement appear as microscopic scratches or 
lines lying at righi-angkai to the edge or slightly 
inclin^ from this. 

The marks just enumerated of palaeolithic whittling 
knives are general I rails for stone whittling knives of all 
periods. This is confirmed by study ground neolithic 


■ Tliir micrn-pan^.^lfTHCih Cio*, 1 flLlhff ir^rkulHi irklm i«l » friKtU^UKfl 
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^ i J+'wrr mi fnrvi kniftfnfm KeiWt^i I in fig. 43,1 mugnifira 
KoUtnki IV in fy. 45-S utagnififil 10 X. 
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knives finom ibe L. BaikitJ iir^ made on nephrite 
Genemlly these knives ^rc scmi-cire^ilar in shape 
with eiiher a eqneave or slraighl bbtfe. They liuve had 
ihc name ‘knife' cotiferrcd on them, quite atcurately, 
but ^'jihuul gi¥ing any due to their specific functiDn, In 
fact, ground nephritc Knlves were nol nil-purpose tools 
for various mcihods of cuiting. For example, in disem- 
bo^fc'elling game, cutting meat or skin these semi-ciiculdr 
knives v^ould have been quite impraeticiilK because this 
type of work requires the blade io be either thin edged or 
denticulated by retouch. In iliresc knives the blade 
generally has a long na.rrtjw facet on one side and no sign 
of toothing. This facet has been rnadc by grirrding to 
strengthen the culling angle in an analogous w uy to the 
line retouch on paLiieoliihic tools. The flat surface 
would cut Lhe w'ot 3 d away, giving a small thin paring- So 
thc3< knives must be regarded as cutting tools preferably 
for wood, but also suitable for bone. Their use on wood 
is tcstil'ied by the position of the polishings which occurs 
not only on the under-face hut uUo on opposed parts of 


the facet where it has been caused by the paring. The 
cutting edge of the btaiic of these knriefi is 45 -50^'. 
With such" an angle the paring would be thin, but 
because of its softness thicker with WiHid than bone. 

Neolithic whittling knives from Siberia arc of varying 
sric. One from Khakbsyk of minialure si3w+ 30 mm tong 
and iO mm broad, is made of a cherty rock and has a 
concave blade Knives from Vcrkholensk ha^c 

straight or slightly crorhcavc blades (fig. 43.3-61 and 
distinct wear striationsi (fig. 49J* 2), wharh run as 
straight lines from iKc side of the bLidc inclined towards 
the butt, and sonwtiincs intersect. Tliesc interseettoni 
arc due to the sharp curve of the axis of I be knife in 
rclution to the worked surface (inclination of the tip or 
butt k which migh; arise during w^^hiitling. 

Some nephriitf knives have a double faoct on the 
blade (fig, 48.4). One facet is narrow and steep, the oiher 
broad and sloping gently. The latter faced the worked 
malerial and so sulfered scs-erer wear. 

Study of the knifes front Verkhobnsk show:s that in 
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neoHihic^ as in upper pabeolithic^ times. tifc'O methods of 
work were employed: "on himself' and 'from himself\ 
On one specimen the: wear traces arc not on the right- 
hand side (looking from the butt end^ bui on the left* 
while the facet had been ground dow n on ihc right tfig. 
50.1). Knives of this type coutd only have been used 
•from hfntself^ with the application of great physical 
force by being mounted in a handle (fig. 50.2, 5J. 

Ground whittling knives played an important pari in 
working bone. There were numerous traces of whiithng 
on ibc bone and anikf objects from the Verkhdlsiuk 
graves, besides evirknee for the use of burin and chisel. 
Some objects could not have been made wiihoui whitl- 
ling knives Uig. 50.4. 5|. Tbis was particularly so in ihe 
imporiant job of culling out the barbs on aniTer and 
bone harpoons. On ihetr surface, in spite of ihc grinding 
down in the final stage of manufaaure, traces of cuts 
made with whittling knives are visible. The removal of 
the nmteriiii between the barb and the stem of the 
harpoon, to judge by the traces of work and fomi of the 
cuts, was made in the way indicaied in the attached 
reconstruction (fig. S0.b>. 

Semi-lunatc ncolitbk: knives with concave blades were 
used for whittling spear and arrow shafts^ a?te and adze 
handles, and objects of slight diameter made from sap¬ 
ling^, such as poles, stakes, palings and so on, A concave 
blade was well suited to this, Howevefj for treating 
broad expanses of wood in targe objects It was no use, 
and for this a two-handed plane would be necessary. 
That such existed in neolithic tlnies is shown by the two- 
handed stoiYc plane found on a site in Kamen Island in 
the River Angar (fig. 51}, It was made on a flake or 
blade of a light-coloured cheny rock, and was 160 mm 
long and 50 mm broad. It had been ground on both 
faces, but the working side was flat and the other coniiex. 
The working edge was convex ^ and then: were notches at 
either end for the fixing of handles. The strongly 
polished pan near the edge bore striations, which, as the 
mkro-phoiogntph reveals (fig, 5l,2h ran at right-angles 
lo the cutting edge.* 

L Skkks 

Research on stone reaping knives arose throug^ 
Bibikov's excavations in 1^7 at the early iigfieultural 
settlement of Luka-Vruhlcvclskayaon She River Dncsir, 
In ihc stone industry from This site a large number of 
prismatic blades of grey flint were found with tracers of 
severe wear in certain pLaocson their surface, which took 
the fonn of a mirror-likc lustre on one edge of the Hint, 
the other side being mai. The polishing covered u broad 
area at one end* dying out towards the ntiddic of the 
flint lo form a triangular shape (fig. 52,1 h it oocuired 
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49 yfkro-phaftigraptfjii^fwe^^ ttriati^nj on ^roumf 

wkitthng kfrives /mm yfrkhi/tfttsk uhf nhiiost 
harizontai h'ms fVi 1 arf /rtwr tpinding attd art nm- 
initi by iht Weflrer ve/tkal sfHaifon^ pom wftifilifixh 


on both fac^ of the (lint. On the vcntnil face it died 
away from the right edge inwards, and on the dorsal face 
from the left edge, but, if this side had two facets, it did 
not pass on to the right one. Where the dorsal face had 
Three facets the polishing might lightly extend into the 
middle one* but the central arris of the blade acted as a 
barrier to iti further extension „ 

There was very little retouch on the blades and an 
attempi lo dcnliculale the edge was never observed, Tlw 
working cdgjC appeared not only to be polish^ but in 
rriany cases blunted by prolonged uniform use involving 


‘ S. A. Semirtd^, arhi F*r IV.S.^.H.. Ill 1. p. M. 
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50 \cfilithic objrcts fmtn y€rkhQknik in iht i« 
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f^ht amifitifliftg of xitfMt Pn imHcati/itr fmer- 
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4 ctirvfd Harpinjns; S ’ftrsiskr hffrppom 
iharbxone xide^Ai^mm^^kh hut in two phtwx tB». 
iftt both sirtiri fiftcnfafinjc (O- iwr/v of mww- 
faf:iurrif^»t 6 Cutting out of barbs wiihatiotK kttift 
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conwderable pbyiiral force, hladi^s had been 

broken during u-w. 

Jt was quiic obvious !hat these tools had been fixed in 
a hatsdlc^ as the applieiiiion of eonsidenible forec ^\IU 
short blades less than 60 mm long would be impossible 
if ibey were grasped in the Ungers, especially when not 
blunted by rcttnich. Proof of the use of bone or wooden 
handles can be seen in the sharp demarcation between 
the polished and mat surfaces. 

The essential clue revealing the charoclcr of the 
materiat worked bv these tools was the e^en wtsir on 
both faces. Such i disposition of the polishing could 
only have arisen if the blade peneinu^ the worked 
material at righl-anglcs and did so rapidly^ It follows 
that it could not have been a hard material like stone* 
bone or wood. Vqi intense and sharply dcoiarcaied 
polishing lends one to suppose that this matertal was not 
plastic, like skin or meat, for the latter would never 
leave such traces on o Bint knife. 

EKamination of the polished area gave the accom¬ 
panying micro-picture of the wear (ftg^ 52.2). The 
polished area appeared lo be covered by tiny streaky 
semtehes running paraJlcl lo the working edge of the 
too!. Only in a few cases did they intersect- Besides this 
on the paths of these streaks w'erc holes of irn^lar 
shape and variable sim. evidently surviving remains of 
the uneven Birit fracture surface. 

Anah^is of these holes revealed another important 
detail which solved the pilule of the function of these 
knife-like ninl blades. The holes, as u rule, were higher 
oti the right side than the left: the left edge was apprea- 
ably more worn than the right. Consequently in the 
course of a long period of time the wear of the vrorked 
malerinl had produced one-sided attrition on the holes- 
Wiih the Opak lamp in an oblique position it could be 
seen that the holes have a comei shape, the lall pointing 
towards the working end of the blade, the head towards 
the handle. This fact is proof of ihe one^w^ay movement 
of the knife during use, more speciiically a movement 
’to hiiTLscIfV The linear traces jsireaks pamlkl to the 
blade edge) which cover the poli^ihed area indicate that 
the movement *on himself" was s rapid one, for had the 
blade been siowly i mbedded in the material the siriaiions 
would have run obliquely to the blade edg^- 

Of all possible typ^ of work in a primitive economy 
which involved a sharp blade in a quick movemen! to 
himself the only conceivable use is as a ssekk bbde. 

All that has been said about the i nices of work on the 
flint blades from Luka-Vrublevctskaya (disposition anti 
degree of polishing on ihc surfaces, charocicr of the 
wear and direction of the streaks), relative to the kinetic 
peculiarities of the work and tlw comparative toughness 
of the material, therefore brin^ us lo the conclusioti that 
ihcsc toots were used for reaping- Other inferences can¬ 
not be rocondled with the accumulated evidence of the 
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iraccs. So on the evidence vtc hw^c before us a verv 
undenl type of stone sickle used in an early agricultural 
eoononny. 

We arintHinced the ncsulis of ibesc researches and 
conclusicms about ihc purpose of iIkj Hint blade* wiih 
iraces of polishing at the I ^)47 session of the Pataeolilhic 
and Neolithic SecHon of the Insniute of the History of 
Material Culture of the Acattemy of Seicnoes of the 
U.S.S.R.+ and they v,ere published in 194'^/' Soon after- 
awards direct evidence eiucrged of the existence of 
agrtcuJiure among the inhabitants of Luka-Vmbtevet- 
skaya: on the clay female statuettes Bibikov idcntiticdi 
impressions of millet grains ivhicb for ntual reasons had 
been mi?tcd into the clay paste. 

A reconstruction of the sickle Cfig. 53.1 > that we 
originally pul fcirwqiid+ directly bafted inio the end of a 
wooden handle, is not the only poistbilily. Since the 
traces of wear on the blades from this site occtipted a 
larger area al their endn ii can be assumed that ihc end 
of the blade cncounicrcd a greater rErsisiunce from the 
maierial. Thiscircumsiancc indicotc$ihat tlws blade was 
at an angle toi the axis of the handle. Such a position of 
the blade was possible if it was set sideways in a slot at 
the front end of the handle (fig. S3.3h a reconstruction 
which is ^iupported by hnds near Luueme, Switzerland^ 
of neolilhic sickles fixed in comparatively long wooden 
handles (fig. 53.4 A |. The handles projected forward 
with pointed ends which acted as a irap for nunwrous 
stalks of the cereal being reaped* gaihering il«m into a 
bunch, as the sickle moved forward, which could be held 
with the left Itand.* 

The second reconstruction corresponds better to the 
kifid of wear found on the tnaprlly of hi ms at Luka- 
V^Jblevc^sk^lya, although the first cannoi be entirely 
rejected- By this simple method of insertion U is likely 
that flints were ortginnlly used for reaping. Support for 
this view is provided by the existence at I Ins site of 
reaping knives of piccullar consinietion, which^ although 
they look more advanced, only dilTer slightly from thrisc 
fixed directly in the body of the hafl- 

Amongsi the flint blades bearing traces of gloss there 
ate tw'o Epecimens of somewhat individual character. 
Like Ehe others they are worn on both fac(^, but in their 
case the polishing extends atmosl the whole length of the 
blade. If titev had been fixed in a atot at an angle to the 
handle^ as shown in tlie second reconstruction, (here 
would noi ha^'c been traces of work along Eheir whole 
leng(h, as half the blade would be in the slot. It is 
obvious that ihc blade here could not have \xett 
mounted at an angle to the handle, but must have been 


parallel to it in a longitudinal groove cut in the forward 
pan of the haft (fig. 53.2k 

Such a method of hafling had certain advaniages by 
comparison wiih seating the Aim in the wooct although 
li would be less efficient in use. Firstly, a blade mounted 
for almost the whole of its tcngtii would not break during 
use, and secondly, it would be easy to use the blade 
twice in tl%e same handle by taking it out and turning it 
round, so the blunted edge was in the handle. 

One condition had to be observed, however, in re¬ 
using a blade, Flint blades have a slight curve, concave 
below and convex above, so naturolly the grooves in the 
handle would have to be made to allow fof this. To use 
the other blade edge the flint would have to be reversed 
in the handle from buck to front. That this was done is 
ccinfinncd by traces oF use on both edges of these sickle 
blades. 

Luka^Vrubtcv'ciskaya evidently marked a very earljr 
stage in the dcvtlopment ol agriculture in southn^astcfn 
Europe. In the Tripolye settlements we would be un¬ 
likely 10 find such asimpk technique of reaping. 

The stone industry from Miss Fassck'% excavations at 
Polivanm' Vur revealed a high IcvtsI of technique. The 
flint blades used for reaping had rcioiichcd edges^ often 
jagged or even with proper leeth. Cases were round 
where a blade had been originally used withcHJt retouch, 
but after it had bcctirne blunied in use it hud been 
retouched and given a toothed edge. l>oublc-sided use 
of the bijdes was uoi excepiional. and live w^r traces 
roved hosh longitudinal and diagonal hafiing of the 
lades. In addition the site yielded authentic inseris of a 
composite stone sickle, consisting of retouched bladctcis 
or segrMO U w iih w ear traces on one or both 

Material from dlRcrant paru of the Soviet Union 
(Central Asia, Caucasus, Crimea) and from dllfcrcni 
periods of ancient agriCiilturol societies has been 
examined, with the object of making a full study of the 
microscopic differences between stone sickles and oihcr 
stortc tools. 

A group of sickles bearing the labels "unworked 
arrowhciids' or ‘end-scrapm" has been identified among 
the small collection of stofw tools from the lower layers 
of .Atiau (fig, 54.1-41 preserved tn the Archaeological 
Section of the Museum of Ethnology of the Academy of 
Sciences. In Ptimpelly's main publitJaiion llvese flrnl 
blades were called 'flint knives' or 'dint saws'.“ 

The associated lind-S from the lower layers of the nonh 
tell at An^u icstified to an agncultural economy; 
Pumpelly fcHmd stone querns, rubber stones* barky and 
millet grains, as well as evidence of delibcraie irrigation. 


• K K*Ikf-TJrnij!i4*r,1<PP- 3^-^- 

• H . |j/iiVi^4#r/.inLTi-T IWMJ. fSlM. pi. -w 


r I -I 


117 



1 






53 vari^Hts nmhodh u/ Haftfrt^ fiinf jicA^pj on lAf haih of r/tf nfoUfkit ffjom Ijikii- 

yrublrrefskoyo (1 irt ^miof horrdtr; 2 in jpwvr ai emf: 3 iOafforkiH}' M a siol}; 4-6/fjwf ikkf^ imtmKd 
/j| iHkK^n Awwtffj/mni liir^rw, 5v/jrfr/cy«^, 


Itg 






















STONE 


In the upper layer of the south tell belonging to the Iron 
Age iron sickles were found, bui the e)«Ha%'atOf did not 
recognize the slonc sickles rroni early Anau. 

The reaping implements of Anau corresponded in 
every way to ihe level of development of those of 
Tripolyc agriculture j with few excoptiom they were 
insert blades with toothed edges for use in composite 
sickles. Some of the inserts had been used on both edges 
as the intense wear on both sides indicated. Micro- 
analysis revealed the characteristic sickle wear on the 
flint with siriations and holes of comet shape^ their tails 
pointing to the left, that is to the working end of the 
sickle (fig. 54.5, bh 

Without 0 doubt the Copper and Bronze Ages arc 
distinguished by a higher technical level of making flint 
reaping tools. Our studies of the composite sickles from 
Dolinsk station in the norlh Caucasus tdug by K.rug)ov} 
and the pre-Urartian settlement on the hill at Karmir- 
Blur in Armenia (dug in mj by Piotro^itky) dealt with 
objects retouched on both sides. Their large teeth were 
well made as on a saw, and intense polishing covered the 
toothed edge on one or both sidi^. Sometimes fresh 
facets could be seen on the teeth showing that they had 
been re-sharpened after the blade had been blunted. The 


front insertions reached 8£> mm in kngth. There is every' 
indication that wc are dealing with lafg? sickles designed 
for hamsting cereals in big fields. 

There ts no reason to suppose that the composite 
sickle of the Bronze Age displaced the reaping knife 
made of a single flint fitted into a handle: we hu^'c a good 
deal of evidence for its survival until fairiy recent times- 

As examples flint sickles may be cited frotn the village 
of Mereshevka (Moldavian S.S.R.) and from a place 
called Ga marie (near Lenkovits in the oblast of 
Chemovitsk) found by the Tripolye Expedition in 1950 
and belonging to the bte Bronze Age- These are large 
triangular flint flakes whose working ends and edges arc 
retouched (hg. 55,L 2). The one from Gamanc has, in 
addition to retouch, a serks of small teeth, and its 
concave blade is strongly polished. A peculiar feature of 
th^ tools is the meth^ of hafting. The polishing begins 
at the uaiTOw end and gradually increases to the broad 
end, extending over both faces in the shape of a triangle, 
from which It follaw's that the front was at the broad not 
the narrow end. When mounted in a longitudinal groove 
the bSadfl^s edge would lie at an angle to the axis of the 
handle, and so give the implement grater elficiency (flg. 
55JK Obviously these one-picce sickles were firmly 





54 1-4 Lare ftfstithic skktfi i I and 2) and ykkU rmtrii Q nndM/rofft Anaa; 5 and 6 mitra-pholif- 
af wear irac^s dckiefltnis from Amu, 
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in handles, and due lo \hc considerable width of 
the blade it could be rcptiitcdly trimmed wiihoui taking 
it otii of the handle. 

An example of a straight sickle is the daggcT'shapcd 
tool Trom the lo^cr layer of Tyritace CCrjmca) found by 
Gaidukevich (fig, 56), which has been made by bifncial 
pressure retouch and is almost symmeiricfll in shape. 
One edge is denticulated by interrupted retouch, and the 
[ceth are slightly separated. The toothed edge is polished 
on both faces, and the micro-structiire of the tracscs is 
that characteristic of stone sickles. The other edge bears 
neither teeth nor polishing. The sickle liad been monnied 
in a side groove in its handle and bad not had much use, 
as ts proved by the moderate intensity of the polishing 
and the absence of traces of re-trimming. 

Amongst reaping tools knives without a handle 
occupy a special position. They were net found amongst 
the very early tools of Luka-Vrublevctskiiya, where we 
might have expected they oughE to occufT only in 
later industries. The first of such sickles was found in ihe 
colkclion from A naiin and consisted of a quartzite blade 
of rough prismatic shape wiEh vague traces of retouch on 




I Fifftt sick/e af ftefind frtnn 

Tyriiace: 2 mrihaif n/ hifiittg 


one side. The opposite side had a thick butt and I races of 
rough trimming. It was about 70 mm long, K) mm wide 
and up to 13 mm thicks with a blade roughly and un- 
evenly li>othed and intensely polished along almost its 
whole length (fig. 57). It would certainly have been 
difiicult to in,scn a knife with such a thick butt into the 



57 Skkif froni Anau wiiHditi a hwuitf. 


longitudinal gfoovo of a handle and this had not been 
Ihe aim, even when it was made, for, as one can sec, 
there bad been no retouch to ihin the ihiek butt. 


A second example of a sickle used without a handle 
Was found by the Tripolyc Expedition in 1949 at Oi^hevo 
in the Sokorensk area of Moldavia. It could not, it 
seems, be exactly dated, but, as fine denticulated insert 
for composite sickles were found with it, it can probably 
be referred to the Bronze Age, It was a targe blade of 
rough limestone flint, IIS mm long, 3S mm broad and 
about 15 mm thick. One edge was sharp* the other thick 
and blunied by steep retouch. On the front pan of the 
thick side was a FKJtch intended as a rcsi for the index 
finger when held in the hand, while typical polishing 
covered the working edge on bolh faces along its full 
length, being stronger at the front. 

Analytical study of sickle blades tndicaies therefore 
that their shapes and methods of use were varied. Their 
imccs of wear by disposition and micro-structure are 
unmistakable and cannot be confused with any other 
type of ft^ork. Consequently precise defmiiion of sickles 
is possible without experinwnts- The latter can merely 
show the efficiency of I his or that type and test I be 
character of the wear, but Is not a method of defining the 
real funeiion of ancient loolSr 

We carried out tests in reaping with flint bladt^ of ihe 
type found at Liika-Vrublevetskaya. These were done at 
Voeikovo near Leningrad, w here iinysed blades from the 
site were tested on fields of barley and oats. One was 
mounted in the end of the handle, Ihe olher diagoniilly 
in a slot. The tests w^cre done over one day in late 


August when the cereals were fairly ripe, and the slalk.s 
were cut at about 25 cm above she ground or higher. A 
handful of twenty stalks could be cut with one or iwo 
blows, although in rare eases it required three. 

From the test we can understarid the relaiiv'cly high 
productivity of a flint sickle the length of whose working 
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edge was only 50-55 mm and moreover not retouched. 
Some technical deficiency of mooniing with (he flint set 
in the end of its w ooden handk caused it o\xr ii time io 
become loose and fall out, which did not occur with the 
knife set diagonally in a slot. 

Traces of vvear on the flints af[cr only a day's work 
were weak, although a slight gloss could be dciecicd with 
the unaided eye. The microsiructure of traces was 
typical for sickles, as we had idcniiUcd it on ancient 
examples. 

The tesrs gi%e some basis for believing that wear 
traces on sickles reaching □ mirfor-like lustre could only 
be ihc result of prolonged use. Probably the long dura¬ 
tion of use was due to the considerable areas of ground 
sown with crops by early a^icultural communities. 

j. An nxc from KmtenkI I and an adffi from Pesochnv Ho^ 

The origin of chopping tools (axe and adze^ is an 
important problem in the history of ancient technology. 
Hand chopping tools, used without a handle, undoub- 
cedly have a very ancient ongju, since they can be traced 
back to the Chcliean period. The hand-aic is essentially 
an impkrmeni for giving blows, but it is impossible to 
concur with Vayson. who regarded them as having been 
mounted in handles in tower palieolithic times.^ Nor^n 
the opposite view b« conceded according to which 
mounting in n handle was much later and arose in 
neolithic times* when condiiionsof life in forests or close 
to forests made an axe indispensable. There can be no 
doubt that in the neolithic period, especially in the forest 
zone, there wus an extraordirrary cKtension in the use of 
chopping tools, but the axe and the adze came into use u 
good deal before this, as early, in fact, ns upper palaeo¬ 
lithic limes. At all events with regard to the axe wc can 
say this tjuite positively, 

A word of caution is here. In both the 

western and Soviet archaeological literature on the 
palaeolithic peritxl the term^ "discoida! chopping looF 
or 'core-likc chopping tooP are employed. These terms 
arc used both of lower and upper palaeoliihic impk- 
menis. but they have only forma! typologicai signific¬ 
ance, and arose when bifacial dressing, found on 
Chilean and Acheulian tools, was loosely regarded as a 
sign of "chopping' in all bifacially dressed tools. The 
terms can be regarded as conventional, created for 
clissilicalion and comparative dating,, and not to 
indicate real functions. 

The study of real functions of palaeolithic tools by 
traces of tisc has allowed us to recognize the existence of 
the axe in the upper palaqoliihk period. In 1932 
Efimenko found a flint tool of somewhat unusual form 
at KcKtcnki I (fig. 58K It was I2fl mm long (or highh 



I 


45 mm broad and in the middle 25 mm thick, and in iES 
manufacture the whole of an elongated nodule^ or half 
of it but not a fiake. had been used. This is proved by 
The presence of the nucleus and aocrtiion rings io the 
nodule around which the flint had originally accumu* 
la led. The tool was worked hi facially into an oval shape^ 
very like an Acheulian hand-sxe. and then at the thick 
end three transverse blows produced an uneven platform 
by their scars, while on the opposite side four longi- 
tudinal blows gave the butt its present shape. Finally it 
had been trimmed by pressure and percussion reiou^ 
from dificrcni directions along its edge^ and blunted 
along its middle convxix purl or arris by light blows and 
rubbing against stone. 

1 n all its external features the tool does not differ from 


1 A, pp. 4T9.fl3. 
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m (ANB oppoaiE) Upper pakepfiThk film axe from Kmtenki U 1 axrfrum ieff .fft*; 2 hpihfinrex ^ ihe 
bkdc of the fixe; 3 horh ekeef.'t of tLit (4 X} aJmwfpg sirkrions. 


Lhe ml qf ihc Kostenki I industry. The qimlSly uf ihc 
matcriiil^ milky-giry patina wilh dovc-g^y specks and 
other features all show lhat it is of local origin. 

The purpose of the tt>Dl was a nrnitcr for discussion, 
lifinicnko drew alien Lioit to its syrnmcirical profile, the 
presence of a blade and projections on its upper part 
suitable for securing to a hafi, and identiHed the tool as 
an axe. However^ Efimenko*s deductions ai the lime 
were regarded as having insufficient basis, and Zamyat- 
nin, Bonch-Osmolovsky, and Sosnov.'^ky believed that 
lhe tool had some other function. 

Our first mieroscopk: esa mi nation of the tool's 
surface was made in 1931* but no traces coukl be found, 
as they were very faints The binocular lens wdh its 
limited power could not detect them* We know now ihat 
we still had noi had sufficient experience^ nor perfccied 
meifiods of prcpiiring subjects for study. Not until I94S 
wen: the wear traces identified with a binocular miero- 
scope, while today they can be studied even through 
binocular lenses of low magnification. 

The observed traces were those characteristic of an 
axe (figs.'58,3 and 59.1K They omirred on the oval 


working end of the tcsol on both faces, and consisted of 
fine scniichcs or lines running upwards* incltn^ to the 
left at an angle of 3&“25 to the vertical axis. Some 
striations lay at a diffirrenl angle and intersected the 
maJaritY. Probably they were produced at a lime when 
the angle of fall of the axe blade was sharply charged; 
such traces occur on neolithic stone axes and coniem- 
pordry metal ones. In the pholsjgraph of a chopper blade 
one can wc the general background of striaiions 
regularly disposed running up from ihc blade-edge 
inclined leftwards tn relation to the handle^ but Ilwrc are 
others deviating from this and going the opposite way 
(fig. 59,3,4). 

The bask mass of striatiom on the Kostenkt axe air 
short cuts which appear to be straight. In reality they 
arc liny sections of the curved trajectory of lhe axe^ small 
chords of its line of movement. Two featur^, the bifacial 
and diagonal arrangement of the slriations* arc the 
crucial fuiKtional criteria of an axe. It is quite obvious 
that this lype of irasx could only be produ^ by blows 
in which both faces or checks of the blade encountered 
uniform resistance from the worked matcrialp whkh 
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could only arise if the btade-cdgc^ wKen the tool was 
mounted p mn paralkri to the ixis of the handre. 

With art adJic ihe tracts arise in quite a differeat way. 
It is fitted to (he handle with bladc^cdgc at rigjit-iiofilcs 
to ii, while the tooPs astis is at an aojtc angle to the 
handle^ not a right-angle as with an axe. Consequenily 
the wear traces on an adze are sharper on its front face 
away frons the handle, precisely because this side 
cneouniers direct resistance rrorti the worked material- 
In addition the siriations lict not diagonafly, but more or 
less parallel to the adze^s axis (fig, 60.1 ^ 2). 

From whpt has been said we may conclude ihai we 
con rely on the striations to di&tingutsh an axe froni an 
adTc. Thus it is possible to aEEcmpt a reconstnjcrion of 
the tool as a whole with its handle. The accompanying 
reconsE ruction of ibe Kosicnki J axe (fig. 60.4) has taken 
inio account^ not only the wear traces^ but also the 
shape of the bun. ihe general shape of the tool and its 
size. Axes w ouLd, of course, be lashed to the handle with 
thongs. 

In ouf vtcw every axe is conrtecEcd with working wood. 
In all probability the Kosienki axe ser^'ed this purpose 
also. All the same, study of the bones and mammoth 
tusks of such sites as Kosicnkl h Gag^rino, Suponevo, 
EJisecvich* Malta and many oihcrs (w'hem nunierous 
thin and thick tusks, shoulder blades, ribs, long bones 
and antlers bore signs of hewing or chopping) leads one 
to think that wood was not the only materiat worked 
with an axe. Jn a number of cases* for example, insks had 
been chopped through not with an axe but with a special 
type of chisel with narrow working end. Ivory can be 
chiselled through more tjuickfy rhan It can be hewn or 
chopped through^ However, there are not a few eases 
where it Ims been hew n through with an axe, as revealed 
by Imets of the bfade on the material. 

Fxamlniiiion of ihe different notches or cuis on the 
bones of large animals lends further weight to the 
contention Ehat ihc axe existed in upper palaeolithic 
times. Sornc of the cuts on manmioth Jong bones from 
Kosienkj I are noiiceably bow^-shaped (fig. 60J). They 
arc all curved one way, which indicates that the edge of 
the axe probably also was curved- Evidently this form 
w^as typical of the axe's working edge in upper palaeo¬ 
lithic limes. There are some grounds for supposing that 
Ihe technique of manufacture of the kostenki 1 axe was 
not accidental^ but had analogies elsewhere, albeit siiEI 
not numerous. ¥or example, the '^gigon Eoliths' dis¬ 
covered by Fidoplichka at Novgorexi'Seversk in 


closely parallel the Kosicnki I axe. The gigunlDlEths 
were made by bifaciaT dressings one end formed by flai 
Faking^ the other by longiiudinal blows, and one midrib 
■was partially taken olf, as ai Kostenki* or sometimes 
fully. The huge axes from Novgorod-Seversk were 
evidently secured by a handle on Ihis side. The massite 
weight 6r these gjgantoliths, reaching S kg, must have 
required greai strength to mo them, although we know 
of heavy mauls from early Bronze Age copper workings 
not exceeded In weight by the gigantoJitbs, Pidopllehka's 
view' that these axes were used for hewing mammoth 
bones is plausible, but the mailer can only be finally 
settled when the tools have been studied in detail.^ 

The devdopment of Slone axes in post-gladal Europt: 
shows that the gronnd neolithic axe was preceded by an 
axe of unground flaked steme. The earliest may be re¬ 
garded as those discovered in [900 in the peat bog at 
Magtemtise (Denmark) where ihere had been a scttlc- 
nvent of huEitcr/fishers during llw Ancylus stage of the 
Baltic area.* Mesolithic axes have been given the name of 
tranchet-axes* and are distinguished by a broad bfndc 
made by strong flai blows. Axc-s^ known as picks, found 
on the same site, are longer and narrower with round 
blades, and sometimes oval bodies. Axes were still re¬ 
latively rare at Maglemose. but occur in great numbers 
in Enebollc kitchetii middens and in the Campignian 
culture. In antas rich in dint, like nonhem France, such 
tools centintied to be used Into mature neolithic times 
(Fort-Harrouard) together with ground axes made of 
volcanic rocks."* They are also known in England. As 
examples ihe mesolithic siies at Flixion, VorkshlreJ and 
at Warren Oakhangex, Hants.,* with unground flint axes 
may be cited. 

As axes occur less often in neolithic settlements than 
adzes the latter can be regarded as the more necessary 
tool in more frequent use. Hence It would be supposed 
lhat the adze had Q more ancient origin than the axe. It 
is possible I hat further research will confirm this, but at 
present we have no evidence for the origin of the adze 
earlier than Ihe mcsoiiihic period. In ihe excavations at 
Pesochny Rov on the River Desna, Voevodsky found a 
fhnt tool which he took to bean axe^ However, study of 
the surface has ncvcaled that it was an ancient adic/not 
ground but worked by pressure retouch. It hi^d a broad 
blade with rounded corners and was as^ymmetricul in 
profile^ its fiat face retaining traces of severe polishing. 
The butt was nussing as the tool had broken during use 
{fig, 61, ] }. Examinalion of the polished area showed that 


' T. O. PiOoptldlkH, .'Uarfria/fc ojNjf imihe f it/thr p. M. 

*<i. IL tl«iL PP. I4J 119. (f-Dr b iriLtch Tutlcr aecodfll lot: J. G. D Oirt, Thf MruTiltkir SrrtIrmftTi y,^hrrn 

C^m^dec. l93fi.T.!l 

* J, PNMilW, CdiBif Anne^f^ ERoucai, 192?). 

+ rVihrmirvr of ihr Fftkiittwrc , lb (1950), p, |Q]. 

■ kCiki,.18f |'35i>,p. J’ pl. 1. 
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the tool tiad beeo mounted with ji$ blade at rig^i-angle^ 
lo the handle (fig, 61,2). The linear traces in the form of 
/ifie lines w-crcdosely bunched and lay alniDSt at right- 
angles to the working edge; siich striations can be 
regarded as topical for an ads&e, 

k. Traeti of use on neoUthk asKCSa nd nd^es 

Field researches have produced a great ijiiantity of 
Slone chopping implemenls from neolithic settlemenis, 
and certain aitas of the Soviet Union have proved excep¬ 
tionally rich. In the standardaichacological pubhcaiJDns 
theae tools are divided into axes* adzes, ano chisels. An 
axe h rec<^izcd by its symmetrical profile, an adze or 
hoc by its assyimnetry, and a chisel by its smafl size. 
Adzes can be straight or convex. Such a formal sub¬ 
division firstly docs not by any means always correspond 
^ ^ with the real purpose of the tools, and secondly does not 
take into accouni the specialized functions of different 




60 S Tm/frldr>' of oo odzf /n fiomal stigmoi pianf^: 2 imjfi'ton' of att axt In /ronfoiond snixiiiat 
plaftta; % noeex af A/owj o/v&xf a rrtanmmih ffbfa from Aost^ti/ct i; 4 rrc0o.\frueiim ofoxtfrom 
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chopping Tcx>i&. Moreov^c, it is difficult on this ba^is lo 
distinguish toofs used as batllesiTies. Commoniv ihe 
Iflitcr arc induckd in the caicgoiy of working tools or 
vice versa, while some students call battk-aKes battle- 
hammersor maces. 

By merely considering the object's shape one cannot 
tell whether the tool in any specific ease was an aw, a 
mattock, an ice-pick (tool for breaking the ice in winter 
Twhitig) or a pick. An example worth citing is three 
different opinions that have been e^npresscd on the 
purpose of the pick-shaped tools from Karelia preserved 
in Moscow and Leningrad museums under Xht lick of 
‘miners* * picks' (Aar?k These tools, rnade of a dark ratrly 
soft rock, are dgar-shaped with one side dal and one or 
both ends pointed (fig, 65.4). Uvarov* and GorodUov 
regarded them as hoes, Bryusov^* as plpu^-shares and 
Tretyakov as ioe-picks.* 

Foss and Elnitsky wrote very fairly: ‘Such a varkty of 
opinion about the functiori of Ih is tool has arisen bccatisc f 
the older methods of formal classification made evalua- 
iion cf Ihe remains more difficuli. They gave rrse to the 
conwntional tetminolo^ which still has not gone out 
of use- *‘Hoe** for example is ihc name given io oertatn 
tools regardless of whether they could have been used 
For agriculiurr. Even if the studenl denied the eaisience 
of agnculture in ihe period or area under discussion all 
tools of a certain form had to b« called hoes for the sake 
of typology.’* 

The observation of Foss and Elnitsky relative to the 
prcdominarLCC of adzes over axes in neolithic rerrmins is 


6r I fiiHi mizr /rmn jPrw’Jlwi>' 

2 its hitfiing rrca/TMract^; J rvpitrite ndtf from e 
tK&tifhic huriiii an /A^ .^n^ar; 4 nticrit-pifatttgmpk 

of fhp fiephritr wtzf J A/o^. 
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' A, S. U iPdroVp Atrlka^irjtf^ of RanM ^ M<>iCKi%. IMI I, p. , 

* A. V. Bf¥llMV« Snr^ IflJOl. 

* P. H. Ti^jrakcrr,Awmi/ iif'ikt AattMfmyfitr ikt ffUftwr of AfiiTir^ IA p. 27. 
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rig^ht: Ehe\ explained \\ as due to the very wide range of 
runctians accomplE&hcd with adMS in wood-working. 
However, from this accurule observation they draw an 
unju^ElBed conctu^lon about the sl^-purposc use of stone 
vvriting ihus’ 'Comparative study has foroed os to 
rc-rnterpret a substantjul p^tri of these stofichoc-shapcd 
tools as adzes. Relying on ethnographic pnilkls we 
must regard the striking tools, m ptlkular adze- 
like forms, as to a great extent alf-pisrpcisc tools; they 
would chop wood bui could be used also, for example. 
Tor digging the ground. This is nminiy because they were 
not used by onu craftsman, a specialist in one branch of 
production tat this stage of development no such 
special ESI cxisied) bu i met the fairly varied needs of the 
whole economy. This %'aguenoss of function has left 
some marks of variubiliiy in shape, which we do not 
dnd faterwhen tools become more specialized.'^ 

Such a conclusion abouE neolithic chopping tools, 
especially adzes, reveals EhLii the authors had set too 
high a value on ethnognaphic parallels. As a result of 
examination of the traces of wear on adzes it has to be 
recognised that these eooIs were used only in rare ca4ics 
as hoes, in fact only when tliey were no lotigcr service¬ 
able a.s adzes. The contbined function-^ of adze and hoe 
in one icsol would be impossible, as the degreeof wear qn 
an earth^igglng tool is very great, almost as much as 
when subjtxtcd to abrasive agents. An adzeaficr use as 
a hoe eoiild noE; he restored merely by sharpening, and 
mmeover traces of wear on a hoc are very chafacEeNstlc 
and occupy a good pan of the tool's surface. Such traces 
arc not found on the Eools in question with the few 
exceptions mentioned, while wiEh regard to spccjaliza- 
tion in chopping tools this had already taken place iti 
prc^neolithie limes. 

The opinion of Ehe scholars that we have ci(ed once 
again illustrates how the absence of reliable criteria for 
difTerentialing chop ping tools deprives the archaeologisl, 
not merely of the possibility of le-cfeaung (he detail of 
past ecoEionuc Jife. but leads Eo a dislortion of the fads. 
A tool's shape niiist. of course, be taken into account, 
but to establish the roal purpose of any chopping tool is 
only possible from the traces it bcars^ which show with 
certainty how it wait used and on what material. 

The wear tracer charnctcrisik; of a stone adze were 
first identified In 1919 on material from nsn^ililhie graves 
On the River Angar excavated by Okladnikov. = Rcscii/ch 
showed I ha I wear took place essentially on the front 
face. On an assymTnctrical adze this side is convex and 
has no blade facets w’hrch is on ihe back, dniicr face. 
Usually Ehe traces appear under magniftcoEiori as 
grooves* thicker at the botiom and narrowing to fine 


lines. As a rule the striaiions he along (be axis of the tool 
more or fcss ptuTilkl to each other ffig. 6L3, 4). Thi.s is 
due to the fact thah although the trajectory of ihc tool is 
curved while in the air, friction arises as the front surface 
of the tool roaches a vcnical position. Then the front 
xvhieh is usually convex meets strong resistance from the 
material struck dig, 63.1J, while the rear face suffers less 
wear from the relatively slight parings and chip$ that 
bax-c come off the wood. The Form oFthe traces an Ehe 
near face does noi differ from those on the fronts but the 
lines are ahoner. 

An axe wears quite differently. As described above, 
the strratiorts occur on both cheeks of the axe and run 
diagonally, that is upw-ards from the blade edge and 
leftwards from iltc handle; tlie axe's curved trajectory 
leaves Lti mark on ils working face as it sinks into (he 
material 

SLriations are easily delected on the grcHittd suefaoe of 
neoUlbic choppLiig took if they have not been removed 
by secondary shat^ning. Even then they cun scmeEtines 
be seen soirtcwberc on the blade or even higher up. If the 
tool has not been !iharpcned the striatioos often transect 
the lints of original grinding, or even obliterate them. 
The linear traces emerge most dearly on the blade lisclf, 

Tlw regubr formation of wear siriations sm stone axes 
that wc have described is conOrmed by examinalion of 
them on contemporary metal axes. Both on a chopper 
and a bench axe siriations occur on both faces running 
dJagonalfy. Hinec splitting wood and cutting through it 
arc rather diirercnl operatJons, ihc blade wear hu$ in 
own sptxiiai tral^ in each cose. On a chopper the back 
angle of tbc blade wears quicker* on a Wnch axe ihe 
front pan. This is due m ihc fact thai ihe latter has a 
thin blade and ts used For differeni work such as cutting 
wood, mitking grooves or angles* and is rn some sense an 
alhpurposc wood-wurkEiig tool in which the front pan 
does the miiiii work. A chopper, on the oihtr hand, is 
hcuvler with a thick blade designed for spliiiing wood 
with great force, During blows it sinks into the wood at 
Its back, w here the whole weigjit of the tool is conecn- 
imted at the moment of striking. 

The wear characteristic of contemporary choppers is 
hardly ever found on ncolllhic axes* since xvood was 
not cut in this way, that is by imbedding the axe in the 
body of tbc wood to split off a piece ^ The neoUthic axe 
flaked olT (he wood itoE by blows Into it bui by angle 
bEows longitudinally along the surface. So in mony 
neolithic axes ihe front angle is worn away* and the 
blade looks lop-xidcd. 

This iop-sidedness of the blade carmol be Jtgarded as 
a functional criterion of the axe, for the basic criECria are 


' lWd.,p. IS*. 
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slill the v^'car ^tnalionit. LopKiidedncs^ dccurs noi only 
on axes bm aiso on and even chricis. ThiA featuir 
which has betir noliced by investigators has still noi 
received an adcqualeexplanaiion . li may be considered 
iLA due to the wear of a chopping tool used in a dchniie 
and quite rationaf way, thai is by working wixxl with 
aogk Wows. 

Probably by experience it %vas found that both axe and 
adze gave the mo^i cffbcihi: resuU if the whole force was 
applied in the blow wjthouE any bounce. In working 
with neoljthig chopping tools bounce was considcrabfc 
because of the wide edge-^a^^gle of the toors blade. 
During a long period of w’ork it might be noticed that 
bounce wun reduced if the blade w^as made rtarronver 
(2-2 5 cml, which would allow- the axe to pexieiratc 
deeply into the wood with full strength or only slight 
loss by bouEice^ Narrow-bladed axes and adzes com¬ 
monly occur amongsi neoliihic looK but as a ruk they 
arc small, like chisels. The mounting of snrtall tools in a 
handle presented difficulties, however, and in addition 
they iacked the necessary weight. So the tncieased 
clhciency of tools with Tmrrow blades was still not satis¬ 
factory. Probably they were used only for small jobs, 
w hile axes and adzes of nwdiuni size, 8-12 cm long and 
4-5 cm broad, would have been useful for other work. 
Por cUcient results such tools would be used with angle 
blows, in which the whole blade did not penetrate into 
the material simultaneously. Although it all happened 
very= quick ly« one angle entered the muEerial first anti 
then the rest of the blade met the resistance from the 
material aficrwards. In contemporary technology this 
principfe is widely used in w^htch the hfade does itoi 
encounter the material along jis full length simul¬ 
taneously. and promotes high efficiency and smooth 
movement of the tool. The same principle is involved in 
she law about the acEion of a wedgC- 

Anglc blows gave rise to unev'cn wear on an axe ur 
adze, and so, by constant re-sharpening of llw blunted 
part, the blade becume lop-sIded. 

'Fhc account gi^xn above has been tested by working 
on w^Kxl at VoeikovOi near Lctiingrad, in experimenis 
carried out in l'Q5l with a nephriEc axe found by 
Okladnikov at the cemetery of Pofanov on the River 
Seicng (fig. 42.1, Contrary to current views derived 
from ethiiDgraphic evidence, the great cfficjcncy of a 
Slone axe m working wtx>d was ai the same time 
revealed. A tlr tree 25 cm in diameter was cut through in 
iwenly mjnutcs w^lhoul any previous prucuce (fig. 62.3). 
The evperimcni fully confirmed the relatively high 
clfEciency of the stone uxe shown in earlier cxpcrimenLs 
in Denmark.’ 

Neolithic axes and adzes were extremely varied in 


shape, due to the properties and quality of the stone, 
method of hafiing, custoniary practices in working and 
the special purposes of ihc tool. Gouge adzes, for 
exampk, were long ago correctly inlerpfeted as tools for 
hollowing out troughs and dug-out canoes, thnl is 
designed to remove large musses of wood This general 
picture^ howcsx;r« doe^ not show aU the necessary pro¬ 
cesses connected with this kind of work. Gouge adzes 
have the usual traces fouiid on all adzes. On I he latter, as 
was demansirated on material from a ccrncfcry un the 
River Angar^ besides the polishing on the forward 
convex face there are venical siHaiions runuidg along 
I he axis of the topi, which gradually weaken and dis¬ 
appear away from ihe bladr^dgc. On iheoppOAJtc face 
similar traces are weaker. 

However, m addition lo the normal ru n of wear truces 
on some adzes others of quite an:orher character arc 
found. They occur not only on adzes but also on axes. 
These pocutiar features are as follows: firstly, Ihcv arc 
sharp, clear, and visible to the naked eye; secondly. They 
are equally strong on both faces; thirdly. Eheir upper 
margin i.x very dearly defined, showing to what depth 
the tool penetrated into the wood dig, 63-2, 4>.They do 
noi show- as the usual streaks and scratches on" ihe 
smooth surface of the working pari of the axe ur adze, 
but have a wavy pattern, small grooves alletnaiing with 
ridges, one on top of another (fig, 44,3), 

Originally it seemed lhat this feature was confined to 
nephrite tools due perhiips to some property of the ruck, 
but later analogous traces were found on ^laty rocks 
(from the Vcrkholcnsk burials) and even on crystalline 
igneous rocks. As an example wc con cite the spIcndM 
cylindrical axe from Ehc Vnlasav neolithic settjemeni 
exhibited in the Siuie Historical Museum in Moscow. 
This type of trace in chopping tools depends, not only on 
the nock, but also on the properties of the worked 
material under certain conditions. Coniferous trees 
(spruce, fir, and larch) have very distinct annu 4 ,tl growths 
of wood. In a radial soclion through the trursk there is a 
clear aliernaiEon of difTcreni hardnesses: Ngliter and 
softer In spring growth, loughcr and harder in the 
summer wood, tn a transverse blow with axe or adJjc 
there would l>c uneven tvsisiance to the blade, and so 
the latter w-ould suffer wcar^ at first hardly noliceahle. 
but later more clearly corresponding to the tcxiure of the 
wood. Even on metal axes such as choppers, not re¬ 
sharpened for some time, tliis plastic deformation 
becomes the more noiiceuble the longer they have been 
U3ed. The angle at which the UhiI falls plays an impor¬ 
tant part in the formation of such traces. In cutting 
wood the angle at which the tool strikes the surface 
vories between 40 and 60 . The ren^oval of a paring or 
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chip fakes place not jiisl by cutting but by also 

(fig. 65.2 The wood olTer^ rrs scrongesT tedstance when 
I he tool Tatis al 90 lo Ihc surface^ $o the transverse 
cutting of wood and the hewing through of a trunk k% 
therefore the mosi difficult part. Ai a time when saws 
were merely tiny stone db)octs rransv^Erse cwttrfig had to 
be done with chopping tools. It k only this type of work 
which could have gi^Tin rise lo the very individual traces 
on nephrite axes from the area of L. Baikal, the neo¬ 


lithic diorice axe from Vokwov, and others. Analogous 
traces on the adzes from the V'erkholcnsk burials are 
probably due to iiansv'erse chopping of wood and 
hollowing out of dug-out woes. The manufactuie of 
dug-ouis entails removal of the exiemal pan of the tree- 
(funfc and of the iniemaf wood beiwoen the trunk sides, 
which requires vcrtica I chopping blows. 

To judge by the oak boat found by Inostranlsev lit 
Lake Ladoga, some dug-ouis were made wiih massive 
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bulk heads la strengthen the thin sfdcs und of arc pfccc 
vihh ilKtn.* !r this example the biilkhend& had been 
hewn inco shape with straight vertical blow's Oig. 62.4). 

Sswdy of the edge qf an adze from Vtrkholensk ga^ e 
resiulls of na tittle interest. In spite of u high degree of 
wear an both faces ii was c\c^r [hai, although the toq! 
had been in use for l\ long lime without sharpening^ it 
still retained its origrrmi keenness. Morcaver^ the 
hirocular lenses revealed ihat the Shin blade had, as it 
were, acted as its own sharpener (fig. 64.2, 3^ 

Et would be dilficulE to give a complcicesplaration for 
this self-sharpening. Oiteoan only assume t ha 11 he sharp 
blade in a vertieal blow suFered friction in a very small 
part of its surface. Tlic frkiion would mainly aftbcl the 
part of I he blade immediately adjoining ihe edge where 
the surface makes on angle of 5S'. <>d the oilier hand, in 
a vertical blow on material much les^ tough shan sionc 
there would he no duking, and so ihc blade did not bear 
the ehip-morks that arise from a side blow. 

Neolithic chopping tools achieved a fair measure of 
spcciaLizaiion. The Verkhoknsk burials yielded, in addi¬ 
tion to the a\C£ and adze^ mentioned, ad^es with broad 
blacks and comparatively small blade angle, barely 4D 
if measured on Ihc facet side. These went probably used 
for dressing the face of wooden objects, fmal shaping 
and levciting off the roughly choppy surfaces; in fact 
dressing wood is worked by lighl blows with such a tool. 
The striations on them arc typical of normal chisels. 

A striking tool was systematically used as a hoc for 
agricultural purposes in neolithic set ilcments on the loes-s 
plains of Europe and Asia, although usuall) antkr was 
used, often tong bone, and stone much mote rarely. 
On many occasions they have escaped the impcsiign tor's 
notice because they lack well-defined morphological I 
choractcnsiies. There are cases where Tripolyc peiisanl^ 
have employed axe and adze roughn^uls or old and 
discarded adzes as hoes. As wt have already observed, 
this cun be decided by wear traces, which differ sharply 
on a hoe from those left by working wood. 

A chtifrtcicnstic example of ihc prolonged pm of an 
old adze as a hoe has been found in the material from 
the Tripolye site of Polivanov Yar. This adze had gone 
oul of normal tuic as a result of severe damage to its 
working pan which could not be eliminated by grinding. 
The tool was rc-used as u hoe, possibly still in its original 
handle. The blade appeared severely blunted from blows 
against the ground. More than half the tool wai 
polished; all the hollows and facets on the tool's surface 
not removed by earlier grinding had been rubbed, for 
praCEkrally every point of ihe tool's surface had experi¬ 
enced fricliori against the soft earth. The polishing and 


line wear striations showed iliai a Hnc-gmined. almost 
powdery soil had been worked, although it had con¬ 
tained larger grains of silica sand. The striations did not 
run in one direciion but iniersceted. showing that during 
use thq tool's direction of fall had varied. 

The special manufaclure of stone hoes is still known 
to us only from the neolithic period jn China. Pionie 
examples* ground or unground, and very pmcttcal and 
modem in shape, bn\x been found at £.irt-Si north of 
Peking- They are oval in shape and comparaiively flat in 
sea ion, with a shorE lung for hafiing and a sl ightly 
pointed end tfig. 65T|. Photographs indicate ihai these 
hoes have been polished by wear." 

The basic criterion distinguishing a stone butile-axc 
from other axes is Ihc absence of the traces of use found 
on the la Met. This rather broad negative distinction 
needs ampIlBcalion. There would have been u time when 
everyday use on the one hancL and warlike funamns on 
the other, would have been fulfilled by a single tool. The 
appeanincc of a specialized battle-axe is evidently related 
to the initial disrnicgraiion of Ihc primitive social system^ 
when a physical and typoEogieal differentiaiionflr^t took 
place. 

As a classic example of a stone bat[lc-axc the 
Fatyanovo axes may he cited. They are very vanublc in 
shape, but the most characteristic is the Tan-curved' type 
of Cjorodt^iv's chis$ifieatioii. The striking part of a 
Fatyanovo axe as u rule has a very individual curve, like 
a splayed chisel, w bicb makes an excellent Icihal striking 
weapon^ but a poor rnstrunieiU for working woocL In 
this peculiar shape the experience gained in angle blowst 
with an axe or adze, described above, has been drawn 
upon. I lere. however, the lop-sidcdness has been carried 
to extremes. 

The most importanl mark of a battle-axe is its method 
of bafling by- means of a hole bored through ihc axe. 
The perfomdan teuutred a substantial increase in the 
transversse section Of the axe where it would be weakened 
by the hole, which caused the edge-angle of ihe blade to 
be considerably increased. Moreover, Ihc round hole 
used in hnfting made It siublc in a direct bui not in n 
sidcwuyii blow^ In working tools therefore circular per^ 
foraiJoFts were only resort^ to as a method of hafting in 
the mallet and pick. The wood-working □xccxpcncEices 
a sideways thrust on its axis in u side blow and ^ cannot 
be hafted by a circular hole through the axe; it rcc[uire^ 
a square or o^'oJ aperture. 

Thus three very inipariant physico-tcchnical factors 
rendered a perforated stone axe of ihc Fatyanovo type 
onsintable for useful Work: an exaggeratedly lop-sided 
blade, high angle on Ihc blade edge and aitaehment by a 
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circular pctfomtiDn. Strictly speaking oik alone of thc£e 
factors vrOEJld have been ^ufFicteni lo place a battle-axe 
outside ihe calegory of working tools. 

TIk abo^e ot^rvaiions arc based on the study of a 
series of perforated axes of the Faiyanovo and other 
cultures. Their blades are gencrnlly blunt and on them 
one can detect traces of crushing and chipping whose 
origin is obscure. The typical signs of wear on tools from 
chopping wood are not present^ although even when ihc 
Fnlyanovo culture nourished and copper and bronze 
tools were already known* (he normal sionc axes and 
of neolithic type conlinucd (o be used for everyday 
purposes, 

1. Murlurb unit pestles of upper pabeollUik timex fm 

triluration of colours 

Traces of mineral colouring are often found on upper 
palaeolithic sites. They occur as patches on bone or 
^[onc objects, or scattered about^ sometimes profusely, 
ihroughotJt the cultural Layer. They are found us lumps 
of ochre of vnrious colours, iron concretions, pieces of 
bloodsEonc tlimonile), manganese ore and p)Tiies. 

Tile purpose of these colours is stiU not satisfactorily 
expbined. Some sEudents regard them as being used for 
colouring the body and tattooing, as with the modem 
Australians and Andaman Islandcis.^ If iJiis were rights 
then we must suppose Ihat bodynTolouringand tattooing 
among ihe people of the pcriglaciaJ areas was confined 
to Ihe face and hands^ since know [hal for more than 
half of the year people of this region went about fully 
clothed* and were rarely naked. Lt is well known that 
people of cold countries (Eskimos, Chukchy) do very 
fittfc taEtooing ofthc body and scarcely paint themselves 
at all, preferring lo paint parts of their costume.* The 
problem of the purpe^ of the colouring in palaeolithic 
times must be regarded as an open one. Most probably 
Ehey painted their costume, wicker-work and wooden 
objffls, anth to judge by the west European evidence, 
colour was used also for painting the nock walls in 
caves* 

The rods used in the working of colouring rnutter 
w^rt very varied both in shape and material. Archaeo¬ 
logists in western Europe regard circular or oval mortars 
made of granite, qaartz((e* and sand^mttc as pre- 
emincnily used for this. SonKlimes these were small 
boulders hollowed out. TiKy are generally found in 
Magdalcniun siECS like Uiugerie Basse, Gorge d'Enfcr. 
and L^us^scl in Ffuncc-* Sometime hollowed stone 
plaques with Iracei of colouring matter have been 


noticed, while pc^tks are always bemg confused with 
striker-stones. 

The study of colour grinders and pestle by w&ir 
traces has allowed these objects to be identihed just 
where previously they had not been noticed. 

During the excavations at Timonovka* Gorodlsov 
found a group of sandstone plaques which reveakd no 
signs of hollowing out or shaping in any way, bul on 
some then: were obvious signs of rubbing and wciir on 
the natuinHy rough surface. Gorodtsov noticed this and 
identified the objects as grinding plaques used for ihc 
grinding of bone foob. Some have been on view in the 
State Hisrortcal Museum in Moscow with this on the 
label, while the nest were presers'cd at Leningrad^ 

Examination of the sandstone plaques from Timo- 
novka in the Museum of Anthropology and Elbrus- 
graphy of the Academy of Sc'tenm showed I hot these 
were colour grinders, and not abrasive agents (hg. 

The following signs of use were identihed on the plaques: 

<1) The maximum surface wear was at the centre of 
Ihe plaque, and nol at the edge, as would ^ve 
been the case if they had been used for sharpening 
awls. 

(2| The worn area had neither grooves nor deep 
scratches, nor any oihcr kind of trace of friction 
by narrow objects; the rubbing on the surface is 
not strictly localised-, but gradually fades away 
towards the periphery. 

13) On the rubb^ area evenly ground quam grains of 
eroded form, cemented in hme, were visible under 
low magniflcaiion. 

<4 1 With side inumination from the Opak lamp prts 
of curved lines intersecting each other could be 
detected. 

In the hollows on (he periphery where ihe rubbing 
was weaker traces of colouring mattef of a deep 
carmine shade were visible^ 

Sometimes vety small siorK plaques were used as 
crushing slabs. For example, at Maltu small uneven 
pfaqiics of dark ^y britile shale noi mom than 20 sq 
cm in arcA were tised for tritumling colouring matter. 
Only a liny pestle would have been used on these, for (he 
worn area was even smalfer und was roughly cireular in 
shape. Traces of fricrinn were sharper in the middle, and 
striatiorts and streaks left by a circular muvitment of ihe 
pesEic were clearly visible under the binocular lens* while 
remains of ochre survived in tiK lOEerstEoes. The plaques 
had been broken and some fragments had not survived 
(%67,||, 
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In Kustcnki IV Rogachev foviixd that the cultuml 
liiyers '^^!£lhin a long house were intently coloured by 
ochre, noi pulvcriKd but occumng as lumps Jying in 
holes. Pestles and crushing slabs wore also found. Sand- 
Slone and slate placjues had served as rnoriars^ ^hilc 
pebbles had been usedas pestka Ifig. 67.2, 3). Amonjg^t 
the plac[aes a niassivc lump of dark green slaic^ recalling 
a mortar in shape, was cspcoially no-iiced. Forpouadlng 
up the ochre a hollow created by the splilting of a pebble 
rnore than 15 cm In diameter had been used, ifs edge 
worked by numerous blows to form the desired shape. 
The surface of ihc hollow^ besides remaiins of ochrci 
showed traces of fricliOTi and blows by the pesiles. 
Evidently ii had been used not merely for trituraiion but 
also to some exient for breaking up the hard lumps of 
ochre. The working parts of the pestles aJso showed this, 
bearmg E races of friction and blows in the form of chip- 
marks and holes conlaining ochre. 

Pestles for pulverizing colouring matter were fairly 
varied. In Kostenki I a c|uart£iie pebble had had 
originally rounded surface worn So irregular facets by 
prolonged use; the wear iraces were not cpnfln.cd to the 
narrow pan held between index finger and ihumb (fig. 
68.1, 2>* The worn surfaces were clearly visible on the 
pebble, but ihe granubf structure of quariziic and the 
absence of polishing or grinding from frietion made is 
impossible to itivcsiigate the movements employedr 
Howeverp rernains of colouring in the interstices of the 
qmirizile and outside were clearly visible. 

In Kostenki J crushing slabs for colour have not been 
found, but the site has yielded an extremely original 
bone pakiic. This was made on the short first rib of a 
manunoth whose broad csid is spatula-shaped (fig. 87). 
The broad fiat pun of She rib was u!xd for iriturating the 
colour and during use Ihe rib was held with the lefi hund 
at its narrow end. The external compact la)-cr of bone 
had been obliterated and in certain places broken 
Through slightly to beconie bowed in sees ion. In spite of 
dama^ by roots ihe darkening of the surface from red 
ochre is cleari which occurs in the hollows, tracks, and 
crevices on ihe bone surface. It is well known that at 
AfoTitova Mountain bone colour grinders were founds 
made of ivory^ whose identificatiiio presented no 
dillkuUy, as they were cup-shaped and had colouring in 
ihc bottom.’ At Kostenki I a suitable maniinoth rib was 
also u.scd as a colour grindcrp afihough it bore no indica¬ 
tions of shapings unless we except part of its fiat end 
which seem^ to be broken round. 

Tools for pulverizing mineral colcHir are fairly often 
found on ancient .'uttlements^ but pestles are not always 
associated with pounding slabs and remains of colour- 
ingp or Ehcy pass unrecognized. Microscopic and macro¬ 


scopic study of archaeologteal maicriah allows us to 
idcnlify this kind of work from chance details and odd 
traces. 

llEusEnuivie of this is the jnesoUthie material from 
Shan-Koba in the Crimea excavated by Bortch- 
Osmolovsky and Bibikov. In the list of finds no tools for 
working colouring matter are recorded, althou^ colour 
was worked on the site. A pounder consisting of a cosy 
sandstone pebble, pear-shaped but no bigger than an 
acorn (JO by 12 mm), was found in the Tafdcnoisiati 
levels. Bs iissi3% it is comprablc to the microliihlc hints 
from Ehc siEe and, like the latter, reveals habits of very 
finicky work (fig- SS.lp 4), 

We said above that on some pestles for triturating 
colours strialions cannot be detccicd, since, although 
they suEfered frictiori. the pestles were also employed for 
light blows on hard lumps, So the worn part of a ptSEle 
has a rough surface on which striations can be detected 
with difficuliy and then only very fragmentarity. The 
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tiny pesilc tnym Shan-Koba of negti^bk v^i^l ^'onld 
not tuv« been suitable Tor blovi^ and its use must have 
relied on rriction alone. Wear inioes arc dcicciabk on its 
convex base ns dreukr lines, shown ifi ihe micro- 
photograph (%. 6S.5). They cross the white veins of ibe 
4 Ltartzitc» which staiKl out oti the photogranh, whik 
remains DrooLcuriDg arc visible in Ihe ports of the rock. 

On what kind of mortar could this shmII delicate 
pcstk have been used? The chunteter of the wear on ihc 
pcsttc itself supplies Ihe answer. If it had been a Hal stone 
slob then the pekze would not have had stria itons around 


its convex basCp for that would have produced intersect¬ 
ing lincSv Consequently ihc existing stciations point to a 
cup-shaped mortar whose diameter would have hardly 
exceeded 40 mm. Such miniature moriars some Ernies 
turn up on neolithic sites. 

This c^;ampk, like nwny others, once more conlirms 
that wear traces on tools allow us^ not merely lo delcr- 
mine their working function, but b^ond this to under¬ 
stand cnioial details connected with ihc work being 
done* 

The use of ochre ns colouring in palaeolithic rimes 
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indicates the sophisticated needs of man ai that lime, 
who gave special altcntiDfi to ihe search for minerai 
colouniig matter in his cnvironmenl. Besides ochre and 
other mineral colouring mailers palaeolithic man urt- 
doubicdly made iise of chitlk, charcoal or sooi for white 
and blacit colouring. Chalk is found m great quantities 
on certain palaeolithic sites, while charcoal and soot are 
the most readily available of all colouring materials. 
There are grounds for supposing that pabeoEithic man 
did not just work colouring matter mochanlcaliy by 
pounding and trituration, but that afterwards he dis¬ 
solved it in water, and, in all probability, understood 
how to heat tip ochre, wash it out and mix it up with 
grease and marrow. Heated over chopped charcoal 
ochre takes on bright shades of colour, while washing 
removes impurities, and grinding up with certain organic 
substances makes ii more resistant to damp. 

As an ilKustmiion of whai colours palaeolithic man 
generally liad at his dispOMl live samples were taken 
from the materia] at Eliseevich, Ground up in a china 
mortar^ dissolved in a sugar solution and then applied 
to paper the samples gave I be followl ng shades: chestnut, 
brick, €»chrc, snnd^ and si raw, 

nu Ahrusive instniniFnts froitn ihc nciilitliic 
of V crlibolensk 

Jn both our own and west European publicalions over 
many years stone objects have been figured that arc semi- 
cylindrical in shape with n longitudinal groove on the 
flat side. Generally they have been found in pairs which 
fitted together look like a cylinder with a hole at one end.. 
The ends an? often narrower and cunT inwards to give 
the cylinder a barrel-likc appearance. Smuctinies they 
are airnost quadrangular in section, but the corners are 
strongly blunted and have tMn worked off. They are 
made pncdomlnantly of samislonc. 

Gorodlsov personally found such objects in Cata¬ 
comb graves in the Doncls area,* as well as in Fatyanovo 
sites,^ and Edcntifkd them as moulds. 

Even earlier such objects had been found in France, 
and by Shlicmann in the low er layers at Troy. They have^ 
also been found in Asia and America,^ 

In 1928 ITobrovokky criticized Oorodtsov's ideniE- 
fiizaiion and put forward an even less feasible proposal 
that I he objects were thong sirelchers.* 

Other views have been expressed about them by 


Tallgran/ Artsikhovsky,*^ lessen^" and Okladnikov.'" 
who regarded tbem variously as biirnishing tools or 
implements for straightening arrowy. 

Research on analogous objects from neolilhk graves 
at Verkhoknsk in eastern Siberia has made it necessary 
to cor reel former views mi the purpose of these objects. 
The series from this siie consisted of five specimens: one 
whole, two damaged and two fragincntary. The whole 
example, which bore indicatinns thus it had never been 
used^ was large: 22-5 cm long, 6 cm bro^td and fcoch 
bain 2’7 cm ihlck. The remaining specinierts were about 
half the length and up to 5 cm broad. Tlie grooves did 
noi pass right through the objecE bui starting with u 
broad bell'Shape or funnel niourh they tapered away to 
nothing (fig. 69.1 

The objects were made of a liive-gmincd but porous 
sandstone wjiti a Irmc miiErix, rough to touch, and under 
the microscope the unworn sEatc of the quartz gniins 
could be seen, Ttic angular particles took the form of 
regular crystals not united id one anoiher hut scparaled 
by a crumbly fragile mass of hme (fig. 69Jl. Under 
pressure with even such a soft material as wood the 
quartz crystals were pulled uu! and fell away, a properly 
which makes the sandstone one of the best abra&Evc 
rocks. The compamlively weak cohesion of the very 
sharp quorta panicles docs not allow the pulp of ihc 
worked material to choke up the pores. 

As proof that this sanchitonc was used ai an abrasive 
maicrini are the whetstones found in the Vcrkholcnsk 
graves. They bear clear traces of being used for iiharpen- 
ing adzes, which are also found in the graves, as well as 
axes ami ground knivx^ of nephrite. 

The sum of all the evidence on the objects under 
discussion is that they were abrasive msirurnenis^ ah 
though Ihty w^cre not w hetstones for sharpening sloric 
tools. Tlicir working part was the groove, and ihe object 
being sharpened in it evidently had the same shape as 
the gixKJVC itself, that is it was pointed. In the grave 
material Hone object;! shaped like pointed rods were 
found in great numbersv mainly points op to ZOcni long, 
straight barbs of large composite fish-hooks and other 
pointed objects. Points made on large and small long 
bones of animals were noticed in ihe first inslancc (fig, 
69,71, Examination of iheirsurracirs rcvtalcd lliat in the 
finul prcKcss of their manufacture they were not whittled 
but ground down with an abrasive instrument. There 
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no w^vy on iKeir stirrocc ctumjctcristic nt 
v^hittling or scraping with a ftini bkidc, btii instead 
slraighl almost parallel scratches running along the axis 
of The rod. 

To judge by the traces oF manufacture on these bone 
objects sharpenmg ivns lionc by straight movements 
through the hole in the insimmeni after the two halves 
had b«n put together (fig^ Such a meihod. of work 
would give uniform grinding on all sides co ihe awl-like 
bone tools and ensure that they went simighl. During 
sharpening done with a strai^i backward-for^v'ard 
movement now and again the hand would be twisted to 
left or right. The left hand would hold the instrttmenl, 
and the two halves would be pressed together by the 
fingers* tightening or loosening (like a springl according 
10 when the bone tned to Force open the two halves. 
Thus the left hand was not merely pssi^^Jy holding but 
actively parlicipaiing in the work. The final operaiion 
would probably have been canied out with jusi one half 
of Ihe insirument (hg. 69.10). Traces of such finishing 


quite easy to restore the required dimension by grinding 
oft part of the flat side on each valve, the rough friable 
sundstone lending itsrif to such udjiisimeni of the aper- 
lure. An old worn example in which each valve is 
appreciably thinner than in a new example shows that 
this method of calibrating the Lnstrunicni was used. 

Tests that we did on sharpening bone and wooden 
rods with the abrasive instruments from Verkholcnsk 
confirmed our assumpiions abmu their functions. Test 
pieces were quickLy sharpened to the shape described. 
Moreover^ it was establi^ed that the tip of the point 
required supplementary work lo finish it off. Urtex- 
peeledly the abrasive instruments wore very slowly, 
almost impciccptibly* This was evidently due to the fact 
that almost the whole surface of the rod made conlact 
simultaneously with the eodosing face of the groove. 

In the light of ihe evidenoe yielded by the study of 
these objects From the Verkhoknsk graves il is possible 
to a more precise definition of the olher analogous 
or similar objects mentiooed above, Tlw ‘mould forms' 



work can be seen on the vidm: the grou^-es do not 
atuays have a regular semi-circular section and the depth 
of the grooves also is not always uniform in each pari. 

The i mention of a bivalve insinament for abrasive 
work and its method of use iltustrales the high level of 
tocbnlcil knowledge in neolithic limes, Tliis method of 
sharpening rods to make awls has a considetrabk 
advantage over nornuil methods of sharpening on a flat 
Slone. Not only did it speed up the work and enhance 
the straightness of the tool but it also aUuwed ilw 
calibration of the points by using standard grooves in 
the abrnsi\x tools. If the groove became worn it was 


piyLbiished by Gorodisov from catacomb graves in the 
DoncEs area differ somewhat externally and in ihe shape 
of the grooves. The valves in this case are stmightcr, 
almost quadrangular in longitudinal section, or slEghtly 
round at ihe ends and so more or less oval in shape. The 
grooves do not taper but pass right ihrough. In trans¬ 
verse section ihc 'mould forms^ arc almost cirtubr. So 
far as one can judge by photographs the grooves are 
even channels which could have tMn used for grinding 
completely straight rods, such as arrow shafis. 

Very similar objocis oocur in Faiyanovo graves and 
Kitoisky burials from ihc amt of L. BaikaL whsdi 
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also have conlifiuf^uK gtcwives sind were used no doubt 
for the same purpose. 

Hence il follows that the vk?ws of Artbikhovskj. 
Tessen^ and Okladnikov about this catcgprj^ of abrasive 
tools were not far short of the mark. It is only neci^ry 
10 add that the terms "polishing", 'stretching or 
'siraighlcning' do not properly describe an operation 
done with a sandstone abnisive. Grinding is distin¬ 
guished from rubbing and polishing by the fact that il is 
an operation to smooth off a surface after wtuttling, to 
lake off the une>‘cnnesses and complete the rough work. 
I^lishing is the final stage of Ibt work nonmiily done 
w ith ihe help of an abrasis? powder and sk in. Whether 
polishing was always used in making arrowy h is difficult 


to say. By ‘stretching the shaft' one really means straight¬ 
ening il. In straightening arrow, javelin of spear-shafts 
healing and steaming would be employed, as is known 
from ethnographic descriptions. 

Thus previous interpretations, which attribute lo the 
toots under discussion o single pre-conccived function, 
were wrong. These are abrasi^'e instrumenlS used for 
making bone or wooden tooK a view based on the 
character of the maierial of which they were made 
(sandstone), on the shape of the grooves and the w'car 
traces they bear from use. 

First produced in neolithic times, these instruments 
Temained in use in the Bronic Age and possibly even 
during lat^ stages of the development of technology. 
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1, Basic methods of working bone in palaeolithic limes 


a. Ihv ^.iP1pkM melhods nf if Of king bunt In lower 

and middle palaefdlthk ihtKs 
Thh working pf bone origmajly stalled with spliliing it 
in order to exiraci the edible marrow. TTic methods of 
breaking long bones were not as simple as one might 
iirst suppose^ if we may Judge by the tniiierial from 
CriTTiean caves (Kiik Koba, Kosh-Koban Chokurcha 
and others k The long bones were noi simply splintered 
with a stone so ihot the pieces of marrow could be 
picked out of the pieciss. The epiphyws were skilfully 
struck dT. so that Ihe whole of the mnrrow could be 
obtained (rtg. 70.i-Jj, Patacotitbic man sometimes 
extracted the marrow- from bones of ^argp animals by 
cutting a hole through the bone wall* that is by a kind of 
irepanatiOTi (fig. 70.5, 6). ITiis ntethod of cutting a hole 
WHS evitkntiy a habit of upper palaeolithic limi^ 

Tlw oldest'evidence for the use of bone is provided by 
the maierial from thecavcofCTiou-Kou-Twu* tfwe may 
judge by the observations of certain ua^haeologisis. 

The early p]ei.stocenc inhabitant of China, 
ciiniltfopiLi PeAfmvHifp possessed both sione tools and 
fire, and naturally he was unlikely to neglect a material 
like bone, which could be pui to good use without much 
cfTon. UMially he employed deer or gazelle antlefs. but* 
inasmuch as fresh deer antler is difficult to break, he 
often used nol only stone tools but also fire for working 
it, as Breuil has shown. 

lie used u very simple meihcHl. Having selected the 
spot on the antler where he wanted to sever it, ii was 
(Irst burnt and charred ewer a fire, and then the charred 
place was scraped w'iih a piece of stone. The tioteh 
prodtreed was like a Roman figure V. penetrating 
through the cxtcmsl compact layer into the spongy' 
matter below. After this the bone would be broken with¬ 
out difTWutty. 

Attempts by Pekin nmuit to notch bone with stone 
tools wiihouE fire are also recorded. They conaisied of 
curs on fragments of long bone probably caused tn 
cutting off the meat and sinew's from ihc bone* 

He also employed one further method of working 
bone, percussion. In fact, skuJlp long and Rat bones 
(shoulder and pelvic) had been W'orked by blows along 
the edge from a siriker. For example, the frontal bone of 


a doer frecii ofantlers had very often been converted into 
a cup'Shaped object, which, according to Brcuil, could 
iiav-c boeti used for drinking water. Facel.s un the bone 
show I hat it had been worked from inside outwards, and 
ihe edges of some of the cups had been rubbed by use to 
a shine. Whun mandibles of deer, boar or hyaena had 
been employed as tools a similar method had been used 
to slrike olFihe upper projecting part- ilie working part 
of the Jaw bone w as at the from as revealed by tniocs on 
the edges of the tooth socket and the disappeaiancc of 
some teeth, torn out during use. 

In Mousterian times the use of fire in wurking bone 
continued. Burning and ihen scraping the burnt place 
with a stone tool is u very simpic and quiie ratiotial 
method of working on such a hard und unyielding 
material as bone. For example, antler lools discovered in 
Java associated with remains of Solo man retained trnocs 
of the action of fire. These tools are aliaped like picks 
and recall analogous objecls used by Pekin man. How* 
evtr, the new Moustcrian mcihoils of working stone, 
which produced ccmparaiivcJy flai IcaFshaped Rakes 
compleled by relouch lo form a sharp cutting edge, 
nuirkedly advanced the techniques of bone-working. 
Such nwthods of work as whittling appear and also clear 
evidence of chopping bone. Amongst the bone material 
from Kitk-Kohj there is oik noteworthy objcci made on 
the kft side of the mandible of a wild horse or donkey . 
On its thick rim traces of work with a thin-bSaded too! 
are visible as shon cuts running in a wavy line all along 
the edge. In the Mou.^*crian deposits of the Crimean 
caves ihc biisiil parts of anilerx have been found with 
traces of the tines having been chopped off dig. 70.4K 
in addition the inhabiiunis of Kiik-Koba used the 
metatarsal (^oM) bone of horse lo make a tool wiih a 
sharp end. First the proxinuil epiphysis wus si ruck off 
and then the dsaphysis was split longLiudinany, When 
the marrow' had been removed the bone was Raked to a 
nanmw point, while the other end retaining its epiph)™ 
served as a handle. The roughly shaped pom I could laicr 
be w hiiiled and craped vN-iih a Rini tool (fig. 70.1^3), 
The working of mammoth tusk by whin ling has been 
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pbscrv'cd among Mousseriiin iPOls at La Quina and 
Casiiltu. H. Martin identifictt and puhliilied two points 
tfig. 71.4,5L one of which was fairly large and could has^e 
been used as a head for a bour-spear,* The diamcicn at 
its base was almost S cm and It was 26 cm long. When 
coniplcie ii had h«n longer, but both the point and base 
were broken olT, Slant mg cuts show the whittling* so far 
as wo can infer from the illusiraiion. 

Fragments of ivory tools found in Clrokumha Cave 
(Crimea^ had also b«n worked by whiiilmg PiLri of a 
curved rod and a point from this cave had been ground 
down after preliminnry whiitling into shape. 

Important evidence showing that Mcandcrialcrs whitt¬ 
led bone and W'ood has been found on a flint tool from 
Volgograd.* This is a flat hake bearing cortex on us 
dorsal side of I he nodule from which it was si ruck. Seen 
dorsally the right side is blunted by reiouch, while the 
left side is slightly notched with the facet on the ventral 
focc. The wear traces in the form of polishing and 
striaiions detected with the microscope are on the 
veniia! side. The length of the striaiions reveal that bone 
was worked not by crude scraping but by whittling, 
when the blade is ai a slight angle to the %vorked surface. 
It is true ihat amongst all the material from Volgograd 
only one tool with such traces v-as found* while the 
oiher flakes had traces indicating that the blade was held 
almost at right-angles. 

Thus already in early palaeolithic times vtry simple 
methods of working bone hud cunnc into use. trans'iefse 
division of anilct by using stone tools nnd 15nc, and 
percussion-dressing of tong bones, Whitiling of long and 
flat bones and ivory emerged later during middle 
palueohthie times. 

h- Methods of wurking hone b> strikini; ^ tiflklnB. riEitctaLn^. 

a tad ehiscllinni in upper {imlacoUthk times 
At the beginning of the upper pala^lithic period 
there was a crucial advance in the technique of niuking 
stone tools. The flaking of blades off cylindrical cores 
created a range of flint loob* including instrumcnti 
suitable for cuttings which was the most importnnt 
achievcmeniiof the new- tcchnalogyr Among impiements 
that appeared in upper palaeolithic times the burin has a 
special place with fundamental significance for hKine- 
working. Burin work on bone constitutes the most 
refined meth 4 xl, but in addition there were many others. 

Amongst a variety of lechnical rncihods of working 
bouc in upper palaeolithic limes an important piirt was 
SI ill played by percussion and splitting, which had arisen 
much earlier. On flat bones of animats (shoulder* pelvic 
and skull), on flakti of ivory and especially on king 


tKjncs one often sees tracts of blows along the edge in 
the form of rough angular facets, which gave the ncceS“ 
sary shape to the bone. Such a rough percussion tech¬ 
nique IS lo some ex lent merely a copy of the old methods 
of working stone. 

A[ Eliseevich cup-shaped objecis were found with 
traces of use for trituration* probably of food. Sonw of 
them have retouched edges. Blows gi ven on the concave 
side had produced irregulpr scars on the convex side, 
which give the externa) edge of the object its broken 
pTolile(flg,'S5j. 

An exoelkni example of dreswd bone is the mammoth 
shoulder blade from Kosicnki I already citod. Here at 
the same time cutting had been used to remove un- 
wnnted parts of the bone and percussion with suitnhEe 
blows lo form the edge. The cubing bad been done with 
aftinl burin* which, as In othcrcoses, marked out the line 
along which ihe flat pan was lo be broken ofT(fig^ 89.1 k 

Thus Ihe cited examples.diow us that palaeolithic man 
was[cd his bhqar as 111 lie os possible and worked as 
quickly as clrcumsuinoes would allow. The picture that 
is presented In arehaeolo^ of ah rmnufaciuring prO“ 
cesser in the Stone Age being slow and laborious is quite 
baseless, 

.A [echnlqiicnf striking was very often used m working 
long bones. The hard material of the diaphpis w ould be 
dilTiculi to whitfle and not alwayis ua^ lo cut with b 
burin. A diaphysis that had been splii lungifudinaily 
could easily be worked by blows directed from the out¬ 
side inwards, putting ihc splinler on a hard rest (fig. 72L 

Traces of a percussion technique can be detected on 
rnamntoth tusk from its extraction from the alveolar 
socket up to its final shaping into a tool, that is varying 
from hard blows with n heavy stone to careful grooving 
with delicate hand movements and u suitable insinimeni. 

The eaieass of a mommoih would be brought from 
the point where II was kilted lo tJie hut already dis' 
nvembered. A very valuable pan was the iwTy\ somc- 
lirnes the luskft were removed from the animal wliere ii 
had been kiUed, pulled from their sockeis after pre¬ 
liminary loosening by blows with targe stones. The rooi 
of the lusk which wiis unsuitable for working because of 
its friabiliiy would be broken or chopped off. 

Breaking off the root and severing the shaft of icsk 
into pans would have been attended by major dtlTictil- 
tics; Ihe large tusks of an adult mamniolh, lG-15 cm or 
more in diaineler+ dcmamled expcniiiiure of an immense 
amount of labour. To chop such a tusk would be possible 
only with a heavy stone wielded with both hands. Fart 
of a large tusk examined from Koslenki I bore traces in 
ihc form of cracks and splintering from hard blows from 


i M.«ucr -i th. AoU»««> of .rf ,h, 1. U«n,..d. 
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a heavy stone \^tiich Itad shnitcrcd the oialcf layer of 
ivory- "hie crushing wtts ai the noot of ihe lusk on its 
concave side, and the break had ii lorn profUe. Tt is very 
probable that tusks were broken* or rather chopped Uf 
with the large flint axes, ■giganioliihs’* found by PidO' 
ptichka at Nuvgorod-Scversk (see p. 1 25 abovei 
At Kostenki I a method of etiiselling or notching for 
cutting up ivory has been identified on the material 


including the tusk mcntion«l At the other end this 
piece shows traces of being chopped through by notching 
flig. 73). The tusk is 16^17 cm in diameter and the notch 
4-5 cm deep. The notch had been made wilh a uiirrow 
ehisel-hke instrument kaving marks 4-6 mm wide. A Tier 
notching* the lusk had been broken through with an 
exceptionally powerful blow^ possibly the lusk itself 
being raised and struck against a rock. 
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An tipfifr pafi/ipfahk wvrM rnimimmh msfi 
fittfif Kaiifftki I jAc rhppp^ €fff h'ith xtont 
foal: 2 jrciio/tal view of rhopped ernt. 


>Vtlh regard to the u>ol used lo iruike ihc notch it \s 
difficuh to envisage its appcamnoc. Fat opetatidns of 
such a kind upper paLicolithic irmn had n range of 
possible implements, since any large pointed sione field 
either in ihc hand or mounted in a fiandk would be 
suitable l^g. 74.6L It is probable that ftekes and blades 
were used as chisels and gouges. Such specialised tools 
(pfrees have been found on upper paliic>o1itbic 

Sites, consisting of flakes and even hLides wiih wear 
facds on both faces. These facets as a rule have a wavjr 
surkice with sharp short ftaking line and cgmirmnL}- n 
steep rractuiCr The character of the facets indicates that 
they arose not from pressure retouch but by din^t blows 
into the flake in a s^ertical position on a hard basCp and 
the facets are best regarded os signs of use, not os trim¬ 
ming. There arc grounds for considering such flakes and 
blades as chisefe or gouges for w^orking bone and prob¬ 
ably woodtfig. 75 JU 

For transverse chopping a?ics w^re probably used as 
indtcaicd by traces on the bone and the existenoe of 
axes themselves. 

Transverse division of mammolh ivory hy circular 
grooving Is well caliibiicd on the bone maicrinl from 
Eliseevich dlscnvcrod by K. M. Polikiirpovich in l'93&. 
At this site tusks of young mammoths were employed. 
An object thui we examined was a cylinder 11 cm long 
and 4-5 cm in diameierf evidently a rough^out to be used 
for scupitural work (Hg. 74.2 h To judge by the traces the 
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otAmmoih rwjJt Ulustratfd hy opprr paheoUthft 
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noich hud been imdt b) a ^malE chopping tool '^ilh a 
narrow working-cnti Blow by blow the palaeolithic 
ernfisman had holEowtd oni around ihe lusk a broad 
groove deepening lowards Ihe centre. When only a 
narrow neck of ivor)' somi: 1 5 mtii in diaineicr survived 
the lusk had been broken across by a sharp hbw. 

On anoiher cxtm^plc (fig. 741> the crarLsnuin's 
aiEcfnpi lo brenk the task can be seen after only taking 
the groove tWLVE birds of the way round- As a rusuli he 
has not produced the desired result, for the lusk did not 
break quite along the right line. 

Circular grooving of tusk would have given a positive 
result eren if the groove was not taken very deep; a 
rough-out from the same site (fig. 74.5) shows ihat a 
groove of 10 mm on a rusk 45-50 mm in diameter was 
sufficrent for the lusk to break along the lig^i line. Other 
specimens from Eliseevich demonstrate a similar ratio, 
bui on some e^’en a groove of lO -11 mm deep in a lusk 
of 60-7(5 mm in diameter caused it to break exactly on 
the desired line. 

Probably the results of scveniTice by notching with a 
small groore depended on the ivory’s condiiion. Fresh 
ivory splits better than driedH>ul ivory in whkh imper¬ 
ceptible cracks alter ihe directlofi of the break (fig. 74.4). 

However, fresh ivory would have been cxirefncty 
difikult lo break across merely by striking without a 
notch chopped or cut round wnth a burin. A part of a 
tusk from Eliseevich illustrates ibis, one end of which 
has been broken by bl<iws, the other groo'^'cd round by 
chof^tng with un axe. This ivory had been grooved and 
chopped while fresh * as is indicated by the conchoidal 
fracture lines, and also by the absence of longitudinal 
cracking found on drkd-oui Ivory. The rcsulis of ihe two 
kinds of work were very diffcrenL The grooved part gave 
a clean stump, but the battered end show-s u Large con' 
choiflut flake scar, as a resuli of which an approciabk 
part of the material bad been wasted- 

Ttie technique of notching, which lestifies to ihe 
paticni and methodical character of palaeolithic ninti'^s 
w ork, w as not confined to dividing tusks, but had a wide 
gcncrol application. It was used in the plastic working of 
Ivory, when the form had to be changed, such as a pari 
removed or a hollow or a norcti made. 

The pan of the object from □iscev icb called □ *clapper‘ 
ikofohisifka) which nughi be regarded as its handle h 
covered by truces of chiselling by blow's from an imple¬ 
ment wiih a sharp and narrow end. The depth of She 
holes is very slight, for to avoid flaking the material the 
blows were light but numerous, producing bunched 
maiises of holes. At first glance the ivory's surface looks 
gnawed or rusped, and it is very rough lo the touch 
tfig.75.lk 

It should be noticed that the handle-prt of tooLx 
made of ivory found at Eliseevkh are covered w ith cuts, 
even when the ivory in the remaining pun of ibc tool is 


unworked. When considerable force was used the rough' 
cning of the handle prevented these lools from slipping 
in the hand. Amongst the svoty tools at this site was a 
dagger made from I he lUSk of a young Rianimoih, which 
was 26 cm long and 4 5 cm broad in its handle part. The 
natural point of Ihe tusk had been sharpened by whitt¬ 
ling. The object was broken in the middle and lacked tU 
tip. but the clear traces ii bore could leave no doubj 
about its use as a dagger. Tiie handle part was covered 
on both faces by small cues, where the palm and fingers 
gripped it Iturdest, to assure a firm hold. The neces¬ 
sity of this precaution to prevent the hand lilipping 
by artificial mugliening of ihc surface is quite obvious; 
the handle part tapers down to the point (fig- 75.4^ Sk 
Another example of chipping Ihc handle of a tool is part 
of the Lusk of a young mammolh used wtihouL addiiional 
sharpening. The cuts havt been mjtdc on the two corres¬ 
ponding opposite sides, and as in the former case Ihe 
smaller area is iniendcd for the thumb tfig. 75..^|. 

As an example of plashc aHcraiions fo ivory by means 
of grooving or notching ilierc is a problematical object 
(torn Fliseevjch, a Large fiakc struck off u iiUibstantial 
tusk. The greater pan of its surface is con-red by cuts 
which, as in live preceding spcci metis, are tiny holes of 
irregular shape (fig. 75.2>. At one end a notcri has been 
cut •wti'Kh passes right through the ivoiy^ to gi\e the flake 
a sort of bifureaiion. The edge of the flake has been 
carefully worked by this notching tcchn^uc. li is 
difficulL to say w hat intern ion the palaeolithic crafumiin 
had when he did the work, which either he left un- 
finished or ipoilL by mishap and abandoned. 

The most simple method of severing an onilcf tmns- 
rerscly in upper plaeoliltiic times wus by chopping 
ihrough it w ith a sharp chopping tool. Without falling 
hack on the old lower palaeolithk methods of burning 
over a fire, a deep groove could be made all the way 
round by hard blows with a ffini axo on the dt^ired line 
of divisioin, deep enough to reach the spvingy interior of 
ihcunticr, which would then break through. Without a 
deep groove fresh deer unllcr, which is extremely 
resilient, would be impossibk or at ull events very diffi¬ 
cult to break. 

The upper pan of a deer skull with GhoppcdHjff 
antlers from Afoniov'a Mountarn illnsiraies two such 
very simple mcihods Dfsev^rring antler. The right beam 
has been groov^cd all [he way round and then snapped 
off very evenly, almost as if sawn. The kfi beam was 
groov'eil only lialf the way round and then broken off 
unevenly, so that in part of ihc beam which was not 
grooved some of ihc compact layer of antler has been 
split off beyond ihe marked-oul line of division I fig. 
74,8). 

e, Sawbm btmc 

In the datily life of upper paJueoliihic people long boms 
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of such small animals as tmne and polar foA wTne 
widely useU. Hard and s-cry lough in structure, they were 
cnipIo)ed for a variety of smaJJ artjclcf: awls, rKedles, 
perforators, beads and so on. Yei small bones are very* 
difficult lo divide tmnsvcmcly with a burin, which had 
perforce to be done by sawing. 

Examination cs/ the maierlaJ from Ehscevkh confirms 
that transverse severing of bone objects was dfecied by 
sawing ihrough with a retouched bludelet (tig. 76J-3y 
The Toothed flint edge was emmently suitable for ifils. Jn 
certain eases ihq bone has been sawn half or u third of 
the way through and then broken, giving an uneven 
toothy end to the broken edge (fig- 76.2). In order to get 
a smooth end the bone could be sawi^ through on all 
Sidra right the way round. After breaking tb^rc wus only 


a slight wavirtraji on the intwr edge of Ihe bone w-aLI: the 
end of the break otherwise was reasonably smooth, fn 
the miero-phoiDgraph of the stump of this bone, five 
Siiwn grooves made one after anot he r and the 'fringe' of 
unsown broken boive, arc clearly visible (fig. 76 J). 

PalaeoNthic man ofien used the mandiblra of carni¬ 
vorous animals with their sharp, sturdy canine teeth^ as 
took, A mandible for this purj^e was broken into two 
halves with one canine in each half, the prqj!n:tEng parts 
being broken or chopped off, to gfv'e a bcak-shaped tooL 
Implemenls made out of the mundEbIcs of 4 ^rn.ivotes 
(br^r. lion, tiger} were of considemblc weight and sbsc, 
and were commonly used for cracking long bones to 
extract marrow, which was pmctl^ up until the lasi 
century. Such u fact w-as noticed on the material fron^ 



7S imryfr^m £fh^wii h ifSusfrutinK upper paku^ithh' u'vrk; I 'iwl/ njatfir with hurjneftippm 

{axr hhwj ffrr vlfiMt pn thf eylimir/raf fipfth' 2 h/mk^ e/ Horv with tntcfj u/ chtppfi^- 
3 tufk ofyemtff wa^iEffw//r /mw paichfi of chipph^ tp iffvr purcftQit for fhp hand: 4 akwi'inp ij//rrrri- 

with fwa poftan tf/icMppirsjt" 5 frconsintciian of how ff was grasps. 
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the cave af Kohird» near Wurtembcfg by Fraa&^ fn 
addiiion there are riiLriKrDU4 cEhnagraphk paialkls for 
the use of mandibles of small carnivores as looUv For 
cxaiapk^ we can quote the rnnadible of evnadoa and 
other fresh-water a niirmls used by the tribes of Bororo in 
ccniral Brazi]^* 

At Eliseevich several wolf mandibles were fcamd 
worked by cutting aitd sawing (fig. 76.+^). The project¬ 
ing parts had been cui auiiy by two ntethodf: on one 
examifiatidn of the cat show ed the use of a burin, on the 
other signs of sawing with a retouched blade were 
visibk. The purpose of thew woff mandibles treated in 
this way is un^rlam. 

To judge b)' the materiaJ from Avdeevo and other 
sites the ribs of targe animals w^re divided by sawing 
with a fUni blude.^ 

(L Flaktnu mainiinutli tu%h 

The longitudinal division of mammoth tu^wasoehieved 
by palaeolithic nian in seveniJ ways. The first and 
most simple was to strike olf flakB by blows w^jth □ 


* O, r™t, AtiAir/Wr hrv^udpf 5, H- ITJ 

’ K. Sukte^ UmttJNr SaHir^\tttrimt*tdrAmafiuii f Atftthw ISVn. pp. Z04-1, 

* M D. GvtM^Anm, tmt ^twnffkfM m lA# Artkimdn^* mfrkf p. |4i^ 
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pQirticd sionc cool on ibc iiisk's circumference without 
a preliminary burin groow (fig. 77.3J. In such cases the 
dukes pTtKluct<l were of irregular shape- The lamclU&r 
structure of ivory altowod longitudirtal fciking even with¬ 
out prcponicory grooving. At Etiseevich a flake of 
spatula shape <fig. 77.1), struck otT a tusk in precisely 
this crude way, showed the following marks: (l> absence 
from the edge of «hc flake of traces of work with a 
burin: (2> presence on the leR: edge of four link dents 
from four blows with it atone chisel; (3) presence of a 


large oval facet on the front llai end of the dake^ The 
broad spadc-shaped end had been polished all over from 
friction in use on ei soft maieriaL Its dark surfnee with 
intense lustre and good state of ptcscrvuiion prompted 
the thought that the flak^ had been saturated in fat and 
so protected from weathering. It is likely that it was some 
kind of spoon used in preparinga porridgedike food and 
also in eating it. 

Commonly ivory dakes underwenf a finishing process 
like a large ^kc from Eliseevich out of whfeh a scoop 




I 
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was made. Its handle wa5 formed by a natch cm out 
wiiti a hint knife {on the right J and by a side flake off the 
rtartow edge (on the kft}. In nddilion the projectians on 
the inner layer of ivory on the working edge had been 
planed off. the scoop was 25 cm long, S'5 cm broad and 
more than I cm thick, with a convex working cd|^ 
rubbed from use. The edges are ihin, particiilarSy on she 
left, and have been broken in use. The handle has an 
unrubbed rough end where it had been held in ihe palm, 
couirasling obviousty with the front end of the scoop, 
the ihumh being acconniKKiaicd In the notch. The scoop 
could have been used for digging and throwing out soil 
during earthHjigging work with picks and mntteteks^ 
which were also discovered on the site. 

Flakes struck ofT tusks after grooving w^ilh a burin 
achieved a more regular shape. One of these struck from 
a tusk after longitudinal grooving (fig. 77.2 j\ tJ) had 
two large facets on it indicating two hard blows with a 
chisel. One of these is On the cxiernal face of the ivory, 
and this raises the problem which blow^ actually detachi^ 
the fiake. Most of the indications suggest that the flake 
came ofT from a blow dcItveFed at the bottom of the 
facet on the concave side of the bladc- 

e, J-iifij^ilutiiftiil and minsverM^ divbion of hime 

wdh a liurin 

A more dilhculi, but technically more accomplished, 
tnethod of dividing bone transs-cnscTy and longitudinally 
in upper palaeolithic Times was by cutting wjih a burin. 
The invention of the burin tn this period, a.s mentioned 
above, can be regarded as a rery great step forward its 
the field of tcclioology. In order to appreciate this faci 
fully aiicniion musi now be turned to the full flowering 
of nmnufiiciure of bone w>ols in upper palaeolilbk 
timest including sirtistk burin work on bone. 

There can scarcely be any doubt ihai the burin was 
created by Phe need for more skilful disision of bone. In 
upper palaeolithic times man invented an instrument 
and started a method ofcutElug which itxlay is the basis 
of maehine*cngirM?ering, as well as the w hole of industry' 
Itself. In order to justify a statement shat at first glance 
seems very ms-h It is suffident to obser^ a that almost all 
the basic and essential details of machinery and mechan¬ 
ism used for Jalhes, and in culling and rolling steel mills 
rely on burins. 

The presence of burin facets is the di,siinctivc trait of 
burins, although only a single rertical blow was neces^ 
san^ to make Ihe working end. which could be done on u 
smiplc blade. Even when we liave a medial burin made 


by I wo theeis the workmg pan may well be n corrrer 
angle produced by a single facet. 

Ei^kimo burins used on bone are based on this 
principle. They have one working face, and arc m^de of 
forged iron sharpened and then set m wooden handles. 
DiJfeTcni stiapes are used for difTereni kirnls of work ■ 
straight burins for dividing maierials. orid hooked for 
making deep slots in bone objects.* 

The mcchanieat principle of opsration with an upper 
palacmliihic burin, ntade on a prismaiic blade by a burin 
blow, amounis to this: the bone Ls noi scratched but the 
burin angle takes a fine paring off it, in just the same way 
as a modern steel burm docs in working on metals. 
Cutting boiw wiib 11 knife as envisaged by Gernsimov^ 
would'be very dllficuli (fig. 78.1). A knife blade can 
whittle bone taking otf a thin paring, but it cannot pass 
through it-s hard body in a longitudinal movement as, 
for example, it passes ihrough rtKiit qr skin. 

.\ burin was widely used for the transverse severunoe 
of ivory- in upper palaeolithic limes. In extimiEiuig ihe 
maicrial one is at oncesiruck by shallow notches which 
pass a third or n half or the whole way round the cireum- 
ferenoe of the tusk. Usually they ptnelrated one layer of 
ivoryp at mos-t two^ ofier which the tusk had been broken 
through. Instances never occur of the ivory being cut 
right through hy the burin; undoubtedly this would have 
been supcrflutius. as the circular groove ensured n 
relatively straight break along ihc prepared line. The 
break would not be absolutely regular, hut the nviin 
objective was achieved. As an exampie of notching a 
dagger handle from EliseevLch may be cited where the 
groove passed round two-thirds of the circumference. 
The fracture line in the mner layers of ivory makes a 
sharp /ig2ag i- cm) on the side away I'rom the groove 
tfig. 74JiJ. 

Cases Isave hcjcn noticed when even n circular groove 
in the ivory did not give a regMl^r lira's division, but 
they are probably attributable to uneven drying-oul 
through the tusk's section. 

Very often longitudinal division of Ivory w,5S under-^ 
laUn with the object of getting rnugh-outs* A very 
remarkabk specimen of longitudinal division along the 
whole length of a lusk by preliminary groovEOg with a 
burin may be cited from Eliseevich (fig. 78 J}. Before us 
we have a long blade of ivory with imees of work on it. 
A long thin shallow groove, hardly psnetrating beyond 
the ivory surface, extends practically along iu full length. 
Approx imaicly in the middle of the blade are iraoes of 
blows from a stone chisel showing the craftsman’s 
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intenliQn lo strike in ihc line of iKc groovtr in order lo 
liikc olT a strip along its \fcholc Icnglh. Of tniees of icn 
dents visible two are fiol connected v^ ith ^kiachmcnts of 
thb strip: they due lo blows used in detaching a 
pfcvious one olT the kft side. Two small denis mdiculc 
blDw^ of quiie insuJficiefll force. Five dents (A, 

E> are connected with this strip, but clearly show that 
the craftsman hiid not considered the matter suffkicnily. 


Of the five* four had not faJkii on the proper line, only 
one being in the right place, but of insuftkknt strength. 
Work bad then been abandoned on the tusk while si ill 
unOnishedp so leaving interesting evidence for us loday 
to study the iticlhods of wt^rking bone used by palaeo¬ 
lithic n^an. 

A fragment of tusk from Timonovka that has been 
studied deserves special attention for the signs of tians^ 
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4 method of spHnb^ tftev thtfirootf rwamdrueltd. 


vci^ ftod JongitudiiuiJ division thiii it beais {fig, 79-J). 
At one end the tusk has been hewn through without any 
visible traces of the use of a notch or burin; cvideiiily 
the ivory was fresh when worked as tndieaied hy the 
conchoidal nature of the fracture on the sluinp. At the 
other end it had been severed, using a vtsiy deep notch 
made with a burin. 

Longitudinal grooving of the tusk was designed to 


produce regular strips by mukinj deep parallel groovie 
at intervals of 15-20 mm. the rough-outs made in this 
way being employed for objects whose nature is unecr- 
tain. The secondary work was done with ivory that was 
fairiy dry. after the lapse of some time since the Units- 
sorse sevenmee of the tusk. 

After he had made the longitudinal grooves the 
palaeoHihic craftsman had to split olT the strip, How* 
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80 Upper /utftieaffiMc fetHuft iiatnettc ofrmi fl/ 
ttfonunath ivvry from Avdeevas [ ^fwrot 2 
tro€'ej a/ vtfh a fifrjf kmfe ai the head 

(tftlarsMi: S left hy^ wa#* of buriff otr ihe bdtk 
(enhfr^od): 4 nvfhodof rurrirtg fecotisiruriedi 


evcfr strips would nm split off along their whole length 
but broke more or less centrally, in spi te of some of the 
grooves being iindemutp so its to diflerentiait the strip to 
I he maximum and case iis detach ment^ 

There are no grounds for belksviiig that In splitting oft' 
the strip a single striker stone only would have been 
used. The reconstruction shows a lump of grooved ivory 
before I he strip has been split off, assuming that a bone 
wedge was put into the groove (hg- T9.41; the Eskimos 
split walrus ivory in this fashion. The cTiistence of a 
chisel of Eskimo tj'pc has been csUihlisbcd in some 
palaeolithic sites (Afonto^'a Mountain^ Kostenki U 
Maltak The chiscla haven thick battered butt end with 
scars from blows on the edge and a wedge-shaped work¬ 
ing end f fig. 79.2). 


fi Plastic work widi a burin 

There ore other facts showing the wider use of the 
burin by palaeolithic man: it was also used for sculptural 
work. A statuette from Avdeevo studied in this conncC' 
tion has traces on its surface of whittling with a knife 
and clear furrows cut with the angle of a burin that show 
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best t>n ihc body and kgs (figs. 80J2-JJ. In this case a 
burin has been used aoV only Tar noidics and hollows on 
the figure bui also for removing surplu.^ material^ 
smooching off the contours and modclfiiig deuils (fig. 
80J). 

The character ai^d dis^sition of the furrows makes it 
possible to infer that tlw burin wns held with the edge 
of the palm of [he right hand pressing on the ivory, und 
short movements made by squeezing ihe ftogers wiih 
slight assistance from neck and shoulder muscles (fig. 
iiO.4). 

Thus upper palaeolithic man made use of techniques 
of grooving and burin work for purposes as different as 
obtaining a bone rough-uiit on Ihe one hand, and 
soul pc lire on the other. 

^ iMiittHng 

Tmccs of whittled bone indicate that this mcth(^ of 
work was well understood m upper pataeolithie ttmes- 
Two methods of whittling can be distinguished. One can 
be descrili^d a sort of scraping with the hlrti bbde 
held almost at right angles to the hone surface. The 
traces on the bone consist of paniUel lines slightly wavy 
and at closely spaced inier^'ab chatiLCienstic of this type 
of work. An example is an object from Kostenki ( 
conventionally called a "boomerang * which has been 
made from a mammenh rsb with theciirve laken oui and 
the edge sharpened by whiilliJig- In this itistance the 
whittling Wits of a disiincl kind, whose purpose was lo 
take off an apprectabk quantity of the material by 
means of a frequent Sy repeated movement, Theso-calkd 
boomerang from Kostenki I is of ecpfisiderahlc length, 
about fiO cm, and iia breadth in the middle is about 7 cm. 
In transverse section ii is rhomboidfli. The epiphysis has 
been removed and the edge sharpened by whiilling. At 
this end on the concave side are traces of chops made 
with a stone axe, whose significance is uneertain. 

Jn reality this object probably is not a boomerang but 
a throwing club for hunting birds, not one which 
returned to iJie feel of the hunicrr if he missed. In cthno- 
graphic souces there is widespread record of such clubs 
which have a circular flight and, used on a fiighi of 
hi rds, can kil \ seve ral of them. 

In upper palueolithk tinves whittling was not confined 
lo the meihod just described, that is a sort of scraping- 
Bone maicrifli extracted by splitting was used for rough- 


outs, on which there are very oficn all kinds of bumps 
and tom edges which had to be removed by the cutting 
type of whittling. An example of Ihis kind of work is ihe 
working of wwd with n knife and plane in coniern^ 
porafy peasant industries. On pakcoluhic bone articles 
similar surface alierations are visible charucceri/ed by 
faeels. notches, cuis^ and hollows^ ft v^ouEd have been 
iinpcisaible to carry out such work on bone without a 
whittling knife- Undoubtedly grooving and chopping 
with flint axes would also he used, but even then the 
flnul touching up required whiiiling to smooth otf the 
chopped surface. 

ii. Snflcnin}; bam? 

Almost aU the methods ihai have bceri described of 
working svdfy, anilcr. and long bones were employed by 
palaeolithic tnan without altering the nutural quality of 
the miUcrial - Sodden bone, as is well known* possesses a 
fair degree of plasticity and viscidity, which given 
patience and skill would hLIIow ic to be worked with flini 
tools. 

Undoubtedly therewith no necessity losoflen the bone 
of u freshly killed aninud when splitting, grooving, 
incising, whittling or retouch were used- For split ling 
and retouch indeed slightly dned^ut bone would have 
been beiicr. This is particularly the case with deer 
antler* which is extremely resilient in a fresh staCc. 

Ivory* also is better split in a dried^out state, since the 
lamellae adhere less firmly and the lusk loses some of iis 
monolithic cbamctcrH hut whittling and burin work 
would he very difiiculi on Jrkd-out boite. This is easily 
conlirmed by simple cxperlmcm, that is by using a flint 
Of metal lool (knife or burin) firstly on a long bone that 
has been allowed to dry out forsc vcral monilts, and then 
on the fiiimc bone after it has been soaked in waler for 
several weeks.* In our test ihe dried-ouI bone after 
soaking took up moisture that increased its weight by 
7 per cent* demonstrating a relatiycSy high degree of 
hydnsscopicity. In this way working I whittling and 
burin wdfkj on the bone was made appreciably caster; 
parjngs three to four limes ihiekcr could be taken 
off.* 

There are grounds feif supposing I hat palucoUthic 
man did not always rcson lo softening; he adjusted him¬ 
self to the condition of the material and did whai was 
possible with the normal mclhodi of work. Kc worked 
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quickly. cmplovLng cwnplicased ynd laborious icch- 
niques'only of neocssiiy, when normal methods did not 
gi^ic (he required results. 

There exist bo^^evert undispuied rjscisdemonsiriiiing 
(he softening of bone by stc^rniiog. In this connexion a 
diadem from a child's ^dve al Malta must be cited, 
which consisted of a hoop made of a thin strip of ivory. 
Fresh ivory could not possibly ha^'t been bent into a 
hoop thus« and it would have been diffiaitt to Hake 
ofTa strip like this because of its Jamellar structure. In 
order to obtain such a strip it would be necessary to use 
dry ivory, and then force it into the necessary curvature. 

Cerasimov wiih good cause considers that in order to 
obtain such shapes palaeolithic man resorted lo steam¬ 
ing, tf damp bone had been ihoroughly licaicd it would 
be possible to give it a curvature. In order lo make dry 
bone ebastk it must be heated in damp conditions to 
prevent it cracking. 

in coniempomry peanut techniques the softening of 


bone is carried out by steaming m a duntp medium at a 
temperature of 120 C or higher. 

Palaeolithic man not having the U5e of clay vessels 
pfobably first soaked the bone for n long time and them 
healed it up over a fire. 

Gerasimov's expcrimenis shoued a very feasible 
method of softening ivory: "After thorough soaking for 
five days a lump of ivory' was wrapped up in u piece of 
fresh skin, itself also soaked until it wa.s swollenH The 
skin with fur Inwards was twisted round (.he ivory three 
limes, and the whole packet was put into ihe camp fire 
and kept there until Ihe skin had complcicly charred, 
which look one hour forly-five minutes. The soft skin 
wTupping wiks compklely charred falling lo pieces at a 
touch, and the tern^rmure of the bone was so great thai 
for some time ii was impossible to hold it in the hand. Ii 
could be freely whiiiled with a knife with fiini blude 
giving long spiniMikc parings An Ivory slrip could be 
easily beni after steaming in this wr^y.** 


2. The manufaciurc of bone points in the settlement of Luka-Vrubleveiskaya 


Tiif study of I races of use on artefacts permits us to 
delect the cortscculi ve smge.s of munufaclure of this or 
that object, even if only fragmenis of it have survived 

An example of Uiii is the manufaciun: of bone points 
studied in the material from the CiLrly Tiipolye settle¬ 
ment of Luka A'ruble vetskaya. 

The poinu were made out of long bones: first one 
epiphysis was kriocked off, and then grooves wcie cut 
with a burin along the shaft of the bom* so as lo make 
four roiigh-ouls from each bone. The bone was split inio 
narrow strips along these grooves for their full length 
including the rtinalning epiphysis. The thickened end of 
the latter served as a handle, which was trimmed only 
after the final work ou the tapering part of the tool. The 
next fttep was to work the rough-out on li rough slonc 
block to remove superflous material and ^md ihe bone 
into shape. The finul stage was to sliarpen up the tip on 
a fitie-pnined stone plaque, a touch-stone. 

The sta^ enumerated arc represented in traces of 
wear shown In the photographs. Traces of longiiudinal 
grooves are visible i n i he front and side ed^ of the bone 
(hg, 81.1, 3>. They stall ut the epiphysis and run as 
puralkl lines gradually deepening; their uumbef 


indioites the number of movements made with iItc 
burin, which verv often penetrated the inEcrior of the 
bone at first cue. 

Traces of the rough griiHling am visible in the micro- 
photographs (fig. 81.4) as diagonul lines iutetscciing at a 
slighE angle. They are siluaied on the side edges of the 
rough-oul previously marked by the paroJkl lines of the 
burin movicmcnt. Evidently grinding against a stone WiW 
very effieiem and the bone wore down very quickly, so 
there was no necessity to resort to w hitEling. 

The final work of forming the lip was done more 
carefully on a stone of liner grain, as shown by the 
regular lines which hardly intersect (fig. SJ.6). 


St EopfosrTEl iMefhoih uf fatr 
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3. Some methods of working bone among the ancient Eskimos bearing on 
the problem of the growth of their settlements 


IT has already been ex platived in the exitimples cited of 
pulucoliihie and neolithic bonc-^^orking that trace;! of 
work reveal not only technical devices, ihc sequence of 
operations as well as the amount of force apphed, but 
also disclose features of the tools applied to curry out 
the work. 

The possibility of idcniifying Lhc charucierof the tool, 
that the shape of its working pari+ the angle of its 
bbde-edge and Its depth of penetration into the worked 
muter in], gives ani opportunity id recognLeie its qualities 
and properties, md indeed the material of which it was 
loude. This is u crucial matter if an archaeological site 
yields urtefacis only, and the working tools are slightly 
rcprcscnicd or entirely ab«nt. It goes without saying 
that not all arienicis allow us to identify the tools used 
to make Ehem. 

Research of this type on the harpoons of the ancient 
Eskimos of the Bering Sea from Rudenko*s eKcavution 
of |94h^ has given deiinitivo results^ because these objects 
were well preserved. The excavations were undciiukcn 
at a series of points in the Chukotsk peminsuLip where 
differenl stages of Eskimo culture were represented, 
from the Uclkn-Dkvik stage up to remains of contemn 
poniry Eskimos. 

It is well known that the history of the Eskimos, 
especially ihc problem of ihcir penetration into the 
Arctic, has been studied by American und Danish 
archaeologists over the course of several decades. ■On 
Ihc basis of numerous cxcavaiious made o^er a gfcai 
area from weslern Alaska to Greenland Coltms worked 
ou t a periodization of the history of the Eskimos starting 
from well back In the second millenium b.c. and going 
up to contemporary times.* 

Before this, the pre^'oiling opinion among American 
and European archaeologists,^ a view to some extent still 
surviving, had been that Eskimo iEiilcrrKrni of the Arctic 
was of much greater antiquity. Relying on the resem¬ 
blances between upper palaeolithic cultural remains w ith 
those of the Eskimos the latter were regarded as the 
dcsoendunis of the former, who would have been com¬ 
pelled to migrate into the Arctic region.^ following the 
retreating herds of miimmoth and reindeer at the end nf 
the Ice Age. With the passage of time the Etneestons of 
the present E:Skimos staying in the Arctic changed over 
from a patacolilhic to a neolithic culture. They con¬ 
tinued at this level until ihe appearurvee of Europeans. 



Nobody disputed the ncoLithic Icv^l of culture of the 
Eskimos. Danish and American archaeologists with 
Collins at their head neverconsidcied the possibility that 
these Arctic hunters of mQriric animals used meial in the 
very early stages of their history as rcvcakd by the 
excavations. Yet study of their bone tools has shown 
that mciai was kn«>wn to them already in the oldest 
culiurai periods, Ihc UeHeivOkvik and Ipiuiak cultures. 

Artefacts of wulfiis ivory, including harpoons und 
other items of hunting equipment, of ihe ancient 
Eskimos are conspicuous for their exccptianally fine 
workmanship. Everything thai we know about palaco- 
lithjc bone objccLs, including artistic pieces, does not 
cause surprise with regard to the methods of manufac- 
tun: emplDycd. Every moven^ent of a hint blade was 
witness Eo the unyielding nature of the materiak the 
fragile flint blade or edge* Ihe necessity to supplemeni 
every cut with tri mining, cut ling and scrap! r^g. In the 
shitpiiig of objects and surfaces, t^pccially in making 
groove^ perforations, and notches the borie responded 
poorly ID a flini tool, often leaving un uneven ragged 
working part, chipped from the work and in general a 
complcie absence of standardize lion, bccau&c the shape 
to an appreciable extent was a matter of chance. 

There is no need to guess as to the techniques of 
working bone in nexdithic times. Stone tools impose a 
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flaxi: 


ccmin limil icchniciilly beyond which ihc work cannoi 
be The edge angle of hfiidc or point of stone 

had nlways lo be large pcrforoc on account of the 
brilllencss of slune. The cutting edge of a burin could 
never be a perfectly regular shape, whi3c it was almoSE 
rmpossibic la rtJofce a perfectly c) lindrico] bore because 
of the dpIhciiUy uf eutiirolling the direction of drilling 
with flint. In particiilar ii was inipussible wiih briilte 
Slone TO gjvc the working part of an instrument a 
regular shape. Ground axes, adzes, chisels, and knives of 
ihc neolithic period are only a bigsicp forward in wood¬ 
working (albeit wiihin certain lirnitsl by comparison 
with the procndiisg perjod: as far as bone is cortocnied 
ground tocils iiffercd pnicticiUy nothing nei^^' or an 
advance on what could he done before. 

Bone look of Bskirno manursiclarc present quite 
another aspect (fig. S2k The grooves on rough-guEs, 
made for longiludinni or Iransvcrtc division of bones, 
are ^ery deep and perfectly regular. Chop-marks orcuu 
on even a Very hard material like walrus ivory reveal a 
very small edge angle on the blade used. Flat cuis have a 
regular shape without crushed aiigltii, ntid there is no 
trace of repealed movement of ihe tool over the san>c 
point. Each movemenf of the knife or hurin was an 
clfeetive one. Scraping., rubbing down, and scratching 
through are hardly visible: ihe very shape of the ghjcck 
is distinguished by symmetry and clear planning of 
detaik. 

These arc only general [mpressions from studying 
Eskimo took, hut closer examiruUion of individual 
aspeens and details reveak, not only a high Icul of skill 
but cKtnemc spcciahsitjon of methods employed- The 
investigator's attention is mainly held by the working of 
Ihe groovTs. slots, peribraiions, and shekels on ihc small 
bone objects, particularlv on the togglc^hcad barpoon-s 
(fig. 82.5-il}. 

Deep slots were designed to hold the line by which 
die head was fixed to the shaft whose end .^ils in the open 
socket in the middle. These slois^ are an e\tension of u 
iransveiSe groove on ihc head (lig. 82.2-5J. Due to the 
slot and the groov'C the line did not pro|cci from the 
surface of the head at the moment of impiictand penetra¬ 
tion into the animni's body. 

The proportions of ihesc slots are surprising, Tlicy arc 
not only up to 10 mm deep, but are also extremely 
naiTow\ often hot as much as I mm^ und 4-5 mm fong. 
Examinaiion with the Epi-Luiq) and binoctjiar lenses 
makes it quite clear that they v^'Cre not made by burning 
or boring; in no instance were there tracts of this. All 
^lot.5. even the moM tinv, had been cut out with a burin 
and -shnvv the regular gecHnelric cut of ils working edge. 


Stone burins whether made of fiini or obsidian cannot 
have a regular cutting edge, sfnet they were made by u 
burin blow which produces a conchoidaE fracture. More¬ 
over, Slone would have quickly splintered In this type of 
w ork - Stone burins are in general n ot su iia h Ic for mak ing 
deep* narrow, and short slots, w^hich cannot be made 
even with a metal burin of the iiomud shape with 
snmight cutting edge w hose frgni face wus held vertically 
on ihc surface being cut. The normal burin will nol 
peneixaic deeply into the miiicriaJ, because j| tiifces off a 
pn ring w-i I beach hurijiontal movement gradually deepen¬ 
ing by taking off a link more from the point where 
the grcK>ve was started- So Ihc ends of the groove urc 
always sloping or even stepped. F'or thjs reason burins 
normally have a wide edge angle to permii very great 
pi^sure on this smalt arca^ although this broad ciiuiiig 
edge previents deep cutting into tlic mtttcrial On ihc 
other hand, a burin wiili low angle at the edge could not 
be held veriically on the cutting surface, since a stone 
burin with narrow working part will xnap at the tirst 
horizontal moveineni and a mciaJ one bend. These 
rules arc well understood in tonlemporary met hods of 
working metals and their thcurclicul basis worked ontJ 

A narrow angle on the cutting edge is only praciicuj if 
the edge of the burin is nol straight bul cluw-^apcd^ 
only possible that is with a shaped butin. 

Among palaeolithic loch stone claw-shaped burins 
are known to us, but these hava been made by line 
retouch and were probably intended only for cutting 
shiillgw grooves in linear ornament on bone objects, in 
other words scmiching. The undercut edge of ihese 
burins Is ^maU and the cuiiJjig edge sharp. Such shaped 
burins, having regard to the brittkness of fitnt, could 
bear only a very small load, quite inadequate to cul 
bone. 

SliajJCd buriE]^ of claw form wiih regular cutting edge 
cgukl only have been made of mcial. The an breakable 
qualities of metal as well as the possibility of sharpening 
it allowed it to be given any form necessary for fine and 
precise opcni i ions req airing appreciable force. Exami n u - 
lion of the slots on Eskimo harpoons shows that the 
burins emplttycd were cLiw-shaped with a sharpened 
po/nt, .StcfeoplicHc>graph.s of iram of w ork vvfthin the 
slou; of these harpcjons clearly show each separate act of 
cutting done etihcr with the side or the edge of the burin 
angle (fig. tS-2, 3k In man) eases semicircular movc^ 
menu of ihe burfn are dear!) visible flag. S.^ 41 ar>d tl.s 
gradual penetration into ihc materiak 

Prolonged experiments in culling bone with Hint and 
metal burins of dilTcrcni sluipes have achieved rcs-ults 
confonning wiih thiue observed in the traces and w ith 
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lh« theoretical] aspects of cult ing ktiowR to science. Onl)' 
cla^v^hapcd metal burans were suEtnble for producine 
slots like those found on the hiirpoons and other objects 
of I he pjihimos. Metal burins with s Vkorking facxi at 
right-angles to the cutting plane, that is normal burins^ 
were not smiahle for sudh work, since they penetrated 
into I he matcFtiiU within the limits of the short slolHmly 
to a verv- shallow depth. They were prevented from 
perK[rating more deeply, as we have said* by the wide 
angle of the working edge (fig. S2.i2). 

The ethnographic evidence in iis lurn eon Firms the 
deductions made relative to the possible kind of metal 
burins used for working bone- In the nineteenth century 
boih the Asiatic and American Bsksmos still made bone 
harpoons with stone or iron heads. For hone-working 
especially qn walrus lusk they bed diflereni kinds uf 
hurins- Straight burins were used for longitudinal or 
iranjverse splitting of bone, for making cuts, grcJO^xis 
and other work. In addition ihey had burins shaped like 
a claw or eaglets beak thg. 82.1 i) with which they made 
small siois. open or solid at [he back, and various 
fTcrfomled lugs on bone objects including harpoons. 

On bone objects of the ancceni Eskimos there are 
traces of chopping and chipping and small cuts lo 
roughen ceriarn parts to provide purchase for lashed 
thongs, which give us a clue to the sort of tools they had 
at their disposal. 

'fhe chop marks on walrus tusks, which have been 
u.sed as mattocks or ice-picks, reach S—10 mm in depth 
and have been made at an angle of 75-80 without any 
signs of splintering on the bone. Cuts made at a low- 
angle on dilTerent objiects have retained the chips which 
have been only slightly bent or broken off- The internal 
angle of such cuts averaged 15 to 18; which indicates a 
very small edge pngk On the iid^e or aste. Among stone 
chopping tools an edge angle of less than 40 is pracik- 
ally unknown. By the term edge angle we mean not the 
gcitcral angle of the profile but the angle along the 
narrow faoei specially ground on the ven bhde edg?, 
sometimes also called ibe angle of sharpness. Using an 
axe or adiW with such an angle of sharpness it is quite 
feasible to roughly work wood* as chops or cuts made by 
such it tool in u vertical line break the wood fibre. On 
bone vcriica! cuts are very shallow and inclined ones 
look broad* because the chip does nol siavn but is 
almost entirely removed by ihc blow (fig. 82.1 k 

The difficrulty of obtaining metal forced the ancicnl 
Bsk jmcFS lo continue to make ground stone adjcs, which 
Ihey used for many purposes both on wood and hone. 
The existence of stone chopping tools among the 
Eskimos cau.sed Americart archaeologists to refer ibcir 


ancieni culture io the neolithic period. The angk of 
.sharpness of the stone ad/es from the ancicni Eskimo 
sciitcnterits of Chukotka averages 55 -60 , which is 
relatitcly wide. 

Traces of the use of a stone adze have been identihed 
on a fair nuntber of objoms. The character of these 
traces fnotclies and cuts) is sharply distinguished from 
traces of work wiih metal adzes which best be under¬ 
stood by comparing the two. The thin blade of a oKtal 
adze which penetrates bony matter leaves a line line 
about 0-t mm broad; cuts adjoin one another very 
closely sometimes at intervals of barely I mm or even 
Im (fig. 82J; f}g. 81.1|. The iraoes left by a stone adze 
are widely separated and, as already described* arc very 
broad (tig, all K tf ihc blow-s were delivered venically 
and their marks arc bunched closely the bone surface 
has a splintered look and Lhc individual lines merge into 
each other. 

The features of work traces from mcial and sionc 
tools described above s^in leave no doubt that the ancicnl 
Eskimos, as well as stone, were acquanted also with 
meial, and knew bow to use it for working bone. This 
deduction was made in 1^46. In ihe following year 
Okladnikov dug an anciem Eskimo seitlement on the 
shore of Sarycbcv Hay (Cape Buranov), where objects of 
bone and wood had survived exceptionally well The 
bone harpoons Were of the 'Birnlk' type, which would 
place the site in the firsl century using Collins's 
scheme, that is more recent than the Uclicn-Okvik 
culture. The slots on the harpoons at this site art indis- 
tmguishabic from those of the latter culture, tn Hut 1 of 
the settlement two iron objects came to light: one was a 
knife mttde on an oval piece of mcial and fixed in a bone 
handle, the osher the remains of an fron burin nbo 
mounted in a handle. The iron w'as covered with 
corrosion excrescences. The knife had been mounted in 
a side groove in the same way as short neohthic kriii'es 
were mounted, while the burin was seated in the end of 
the handle (fig- 82.10). 

Contirmation oi this deductian aboul the use of mcial 
by b:skimos in early periods is offered by new motcriftl 
from America, hi 1948 the work of Liusen and Riuncy 
appeared describing mater ra I from the seitkment a I 
Ipiutak in northern Alaska dug before the war.’ 
Amongsi this was an iron burin, again only a fragment. 

In Order lo lest whelhcr the iron was of nvctcoriiic 
origin it was submitted to spccirographic analysi-s. This 
showed that the iron had been oblaincd meiailurgically 
and come-|uent]y was evidently an import. 

This urwxpectcd discovery led to a sharp change of 
opinion among American archaeologists about the 
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:inii 4 uity of early Eskimo cultures. On the new classiftca- 
lion or these cultures put forward by Larsen and Humey 
Ipiuiak would be identified as the most nneknt site and 
would daEc from the firsi ceniuncs a.i>. TTteOkvik^ Old 
Bering Sea. Birnik and Piimuk stages would follow 
with diminishing antiquity. Thus ihe whole history of 
the Eskimos would now be coniincd to two millenia. Yet 
even these dates arouse doubts. 11 is difficnii to believe 
that iron which even in China appeared only in the First 
centuries a.d, could at this time already have thoroughly 
pcnctnited the extreme north. There is no evidence for 
dircci Erade connexions between China or Japan with 
the Arctic in the lirsl centuries a.d. or cren later. The 
first outside infincnce on the Clrecnland Eskimos was by 
Europeans, by Norsemen in the ihiriecnEh to fourteenth 
centuries. Archaeological confirmation of this is pro¬ 
vided by the scttlcmcm of Imigsuk in the district of 
Lfpemavik. where Scandinavian objects have been 
found. In the seventeenth century Russian tnaden and 
colonizers appeared on the shores of the Bering Sea. 
who entered into trade w ith the Eskimos, as is revealed 


by iron and glass objects on laie Pumiifc sites. This 
exhausts the archacokigiCiil evidence which tells us wiih 
certainty as to how the Eskimos couJii have obtained 
iron. 

The possibility cannot be cxeludcd that in the ihk' 
lecnth. and even before the tenth ceniury^ the Eskimos 
had irregular conlticu wilh the eutposis of Chinese 
cuiturc and with Japan, from where they could have got 
iron- Such contacts could hardly have extended back to 
earlier than the fiflh to sixth centuries a-o.. alihough this 
is still merely an assumpiion. 

In the light of the facts just set out the question of the 
settlement of the Arctic by the Eskimos can receiw a 
new interpretation, provided new archaeological 
evidence of seEilemems earlier than Ipiutuk, and of 
undisputed neolithic age. does noE cmer^. 

The study of techniques of working bone is very 
importani for the chronology of those remains which lie 
on the borderline of changing fron^ stone io metal, but 
which, in the absence of dinoct ev idence for the cxisience 
of metals, have been referred to the neolithic period. 


4. Identificaiion of ihe functions of bone tools and objects 


n. The use nf hruad und Hat boucs Ln pulueulilhic times 

Traces found on broiid and flat bones must be 
described first. Skull, pelvic, and shoulder bones of lar^ 
aaimals. as the marks indicate, were used by palaeolithic 
man, who had no pottery. as vessels and iis other articles 
of everyday domestk use. from very early times. 
Amongst the bone niaicrial from 1 at Chou-Kou- 
Tien (the cave of Fithecanihrffpim) deer frontal bones 
may be mentioned, from the dcscripilotis and published 
photographs three important types of work on iliem can 
be disiingnished: 

tX) Frontal bones with untEcrs removed that are cup¬ 
shaped. 

(2) Edge of ihe cup retouched by blows ns shown by 
facets on the outer edge; 

(31 Edge of the cup rubbed to a shrnc^ 

Needless to say the problem of these bone vessels of 
Ptkin man can only be worked out by specialist study 
of the traces of work on the objects in question, which 
can only be done wlicn they have been exampned in the 
laboratory. 

Amongst the bone material from the cave of K.uk- 
Koba in the InSEituie of Zoology of the Academy of 


Sciences of Ehc U S S.K., part of the left side of ihe low-cr 
jaw of a wild horse has been found hoIbwedHout and 
shaped like an elongiiled sx^sscl. The signs of use 
observed on the bone were us follows: 

(n Ttic external compact layer of bone on the conea vc 
side had been destroyed logether with ihe mternnl 
spong) matter: this only survived on the edges, 
[2) Friction by a hard, probably stone, object had 
produced strong wear on i he surface. 

13J On the thick edge of the worn surface traces oF 
whittling down with a sharp Hint blade were 
dcicciabk. 

(41 No signs oF colouring tnaner were observed, 

(5) The cxtenisil bone surface of the relatively flat side 
of Ihe bone boine no traces of frictiun and had hoe 

been i n icrfercd with (fig, 84). 

Whni maierial had been ground up on this object is 
still not known, although it evidently liad some con¬ 
nexion with everyday use. So far finds of this kind have 
not been made on other Mousicfian sites^ 

Upper palacolithk material has also provided some 
evidence on the use of flat bones. At ^isecvich three 
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cup-shapcd fragnierns and uboui len others 
wiih tT+i«s of grinding on dw concave side were found. 
The complete ones had been made from ihc pelvic bones 
□f a young mammoth, while (he fragments \^cre parts of 
skuSU pelivk, and shoulder bones (tig. S5>. 

The whole objects are rather roughly and carekssly 
shaped. In iwo cases pari ol ilw pelvic bone has been 
broken off on its concave surface and used without 
further trimfiling, as a good pan of its edge is ragged 
a nd project ing, which would give a grip for i be left hand- 
In a third instance part of ihe bone has □ regular aimevst 
hemispherical hollow made by strong Mows whose 
facets show on the reverse convex side, 1'races of wear 
on the convavc side from prolonged friction can be 
clearly delated by conlrasling the state of (he compact 
layer in the centre with the edge. On the edge faini 
impressions of friction on the lamelfur outer compact 
layer have survived. 



M MititUt patiNrotffkti' frfim AVM'AVfrff: hfi 

fwA' pari &f iht ntiitidiMp af wifd fratir 
JrcH'ft a/ prafntijtfi/ fritlktn. 

Additional traces of friction, as shown in fig. 
reveal iwo facts: firistly. the friction has impinged on Ihe 
rolled over edge of the bone; and secondly ihe sedion 
illusiratcd here indicates that ihc strongest wear took 
place in the centre of the bottom of (he cup. 

Inasmuch as the worn bone surface bears no tmccs of 
eolouririg matter it may be presumed I hat the mutter 


crushed up in ii relaied to food, and was of plant or 
animal origin. 

Kosienki I has yielded examples of ihe use of broad 
bones, besides ihc iirst rib of a niammolh used as a 
pnictic tot mixing colours which we ha vie already 
dcuribed {fig. Mh bones put to other everyday uses. 

Mammoih shoulder bones found on this site sometimes 
havxr groups of scratches or groovnes reaching 10^15 cm 
long. The mov'cmenl^ of the pointed tools with which 
they had been inadc nm down and away from the 
articulation. The grooves occurred in groups of several 
do^ea, the lines sonvetirrtes intersecting at a slight angle, 
and their individual width varied from 01 to 1 mm {hg. 
87k According to in forma I ion from K.M. Polikarpovich 
ihc mammoth shoulder blades from Eliseevich were 
thickly covered by small grooves or scratches. 

The origin of these traces has not been finally decidetl 
1 1 may be suggested as a working hypothesis that skins 
were cui up with flint cutters on ihc bones, but we still 
know very little about such tools. We are only 
ucquaimcd with stone skm-cuticrs frcim neolithic limes, 
that is the ground elbow-shaped knives of northern 
Europe. Amongii ihc flint tools from Kosicnki I only 
one has been observed where raicro-anulysis conHrmed 
its identificai-ion as a skin-cutter (hg. 88.2. .1). 

In its general shape this tool had nothing in common 
with the elbow-shaped knives of northern Europ?. It was 
rnadc on a blade triangularly prismatic in section, one 
end rounded lo a spaiuUi-shapc. whose sharp edge had 
been blunted by use. This small blade has srareely any 
signs of retouch, aprt from slight trimming on the 
working end Iftg. 88. J). 

Besides the iniocs meniioned other remark able indica¬ 
tions of use were noticed on ihe shoulder blades of an 
adult manimoth found in a hut at Kostenki I. One was 
more than 70 cm long, and bore both intces of working 
and of use. The broad Hat parts as well as the mid- 
spinous process had been removed by two mcihods- 
First grooves had been nuide with a burin, but then, 
instead of completing the work this way. the flat pan 
and process had been si ruck off by strong blows with a 
stone. The blows were pven from the outside into the 
hollow of the scapula as ihe scars on its inner edge 
Indicate (lig, 89.U. 

Traces of use survived at various points on the surface 
(fig. 89Jj. whose uitaly,ds revealed ihc following: 

(11 The articulating area of the epiphysis, shaped like 
an ova! hollow, was moiilcd by transverse lines 
and scratches. 

(2) Its raised pun was worn and battered and ,so 
reduced in height, 

0} On one purl, the most worn edge, stria tions 
indicating the direction of movements occurred, 
which look the form of transverse grooves across 
the raised circular edge, 

1^ 










(4) From the epiphysis halfway do^n Ihe bone had 
been imensivciy rubbed^ in placsea abraded and 
polished. This wear was confined to the esterna! 
con^-ex part of the bone hollow, especially on the 
retouched edges. The lower part of the scapola 
was entirely free from this, but ii had decayed 
badly and the external layer was friable and 
cracked. It should be nnentjoned that ihc scapula 


h^d been broken in the middle^ jtisi on the division 
between upper and lower halves whose state of 
prefervalion SO sharply contrasted with each 
otbei. 

At the beginning of research it looked as though ihc 
scapula had been set vertically in ihe ground with 
epiph)'Sis dowfiwnrdsand the other end projwting above 
(be surface, and so weathering nnd breaking olT. This 
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was a apparently rcasoaLibk but quite Irmzondl^ 

able with the irsees left by man oti the bone- The traces 
on the epiphysis half, and more particularly on the 
articulating ara could only have been formed, if the 
scapula had been huried in ilic grdund with epiphysis 
uppermost ilfig. %92h Monso^'er. ii had been set up in 
the floor of the hut and not outside, since them was no 
evidence of weathering on ihe epiphysis end. With 


regard to the other half its surface suflered mom because 
the floor of the huh littered by organic material from 
objects used by the inhabitants^ was a medium of 
intense chemical activity. FurihemiDrc tiK belter 
pTCservulion of ibe other half, once it had been broken 
and burled^ would have bexn enhanced by the greater 
resistance of the rubbed bone surface. 

What could have been ihc purpose of this object m 




86 ] Fim rih &f tttamtKtih ffQm Knitentd / used in uppti pahtoHtMc r/mw m n paknr f^rr cchn^i 
2 tml &f rih ^'(th a/ emshinf^ tif ctilrntfin^ timifer. 
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the domestic life of palncolilhic mnn? Rising 35 40 cm 
above ibe hut floor [he epiphysis? would reach the lc\^\ 
of the chesi of a sealed man. He would evidently sii with 
the concave stde towards him, us this is the side where 
the arttcubting area is worn. Probably the object served 
as a kind of work bench, and possibly also could ha^i'C 
been used in eating because of its honowcd-oui plaiform. 
Subsequently ihispiexe ofdomesttc furniture was broken 
o^F almost at ground^lCHicl. 

Mammoth scapulae worked in an anakigotis way, as 
shown on the plan of esea vat ions at kostenki 1^ num¬ 
bered a bout a dozen. Some of them oaniTTCd in positions 
that fully confirm our deductions that i he scapulae were 
dug into the ground imid^ the hut with the articulating 
end upwards. 

As auxiliary Items animal bones played a great part in 
ancient manufacturing. Already by Mouslerian times, as 
material from the Crimean caves of Kiik-Koba and 
ICosh^Koba testifies, man made extensive use of bone in 
making stone tools. Mammoth foot bones found on 
these sites feurpaJ, lunar and curteifonn bones) bore 
tmees of use as anvils,^ and there were many fragments 
of long bones of wild horse and donkey used as re- 
louchers 90. ^ i, 92). 

Thus in this Crinvean malcrial the basic stages of 
fitanufaetiire of stone tools can be followed. Traces on 
I he middle of the articulating surface of a lunar bone 
show that cores had been Raked on it; the impressions 
are sharp and angular 90,1 h At one point on the 
edge P series of narrow marks are visile, like the 
impressions of a roughly retouched toothed point made 
bv percussion retouch. These traces are ckarly related 
to work on the edge of the bone and disappear in ihe 
centre. Just the same type of mark can be seen on ihe 
edge of a carpal bone (fig. 91 .2), On a cuneifoTm bone 
marks on the right side of the picture ure due to percus¬ 
sion retouch, this time nol of points but of scrapers or 
tools of that shape (fig- 9) .1 ^ 

Pieces of dipphyscs of long bones w^re used by the 
inhabitams of Kiik-Koha for more delicate subsequent 
work: iriouehcrs for trimming edges of flint cutting 
loots by pressing in the hand without use of a support 
(fig, 92 ! I -3). Bv siudying bone reiouchers very interest¬ 
ing obser%'aiions hove been made on the W'ork of 
Neandenalers. In sonw caics traces of pressure retouch 
have tbe form of broad grooves one on top of another^ 
in others verv' slight dents hardly detectable with the 
naked eye^ From these run almost microscopic grooves 
like very tiny scnitcbes, which show the tearing of the 
blade when worked bv extraordinarily careful and line 
rclouch. 



R7 I Parr fff it tnafnjrtoih yf^tpiiia from Kcitcrtki f 
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These facts p/ovc Ihjii the hand of ihc Kiik-^Koba 
Ncanifcrtalcrs possessed fairly delicate tumlities and 
sensitivity in spite of its great muscular sinengih. They 
lend no wight \o the eoiKinsions reached by Uonch- 
OEiTiDlovsky on the paw-!ike nature of The hands of 
Neandertakrs at Klik-Koha and on ihc feeble devetop- 
ment of their motor sysleni.^ 

Furthermore study the disposition of the dents on 
bone retouchers from Kisk-Koba and Teshik^Tash con- 
iirins that in working the right hand of the Neandmulcr 
played the prcdoftuitant part, for he held the retoucher 
in the right hand and the Hint being worked in the left. 
We can infer this because ihe dents on the convex side do 
not lie at right-angles to the axis of the reiouchcr^ but at 
a fair angle, which Indicates Ehai the axes of the retoucher 
and the loal being rciotichtd mes at angle of some 
75-85 - Thus the upper group of dents on Ihe wide 
retoucher were made from the left and the lowr from 
I he fight ftlg. 92.1). 

Had the Neandertalcr held the retoucher in hJs left 
hand, then the dents would have been in the reverse 
position- 

Hone relouchors for working blade edges appeared in 
Mousienan limes and continued lo be used into the 
upper palaeolithic period, as the material from kostcnkl 
i (iig- ^2-4i and Other sites indicates. 

b* Bune and antlef handles tn palneoLilhlc tlnx-s 
rn ihe course of studying nalacqliihic bone tools the 
nature of the oldest handles has become somewhat 
clearer. The techniotl rok of a handle is very significant: 
It mulliphcs several times the mechanical strength and 
cflicicrcy of u tool. In striking (ools|axc, hoe) a handle 
amplifies the rnechanical force of the blow- by incireasing 
the radius of the swing; in cutting tools (knife, burin) it 
amplifies tbc mechanical force of the pressure by bring¬ 
ing more pKiwerful muscles of hand and arm to l>e 3 r- 
Thus ihc inv'cntion of a handle was the tiTst 
step in prehistoric life towards the mechaniintton of 
work. 

In lower pulueotilhic times a handle as a speemi 
attachment for a tool was unknown. The archaeological 
evidence shows ihat at this perwd a tool stone or bone, 
eonsisied of one nil it which included the handle. 
Amongst the matedu1 from Kiik-l^oba there is a tool 
shaped like a pointed dag^r made rrom the long bone 
of a wild horse, the epiphysis serving as the handle. The 
use of an epiphysis as a handle on a bone tool, which is 
u crude but practical achievemenh appears fir^t in 
MouMcrian limes or even earlier, and continued Ihrough 
the Stone .Age into the early period of metals. 


It is well known that bone fools Fiirely h4id a separate 
handle, chipping of an unworked part to provide 
purchase for the hand being most common- Hus prob- 
ablv also wus an ancient device^ but it has not been 
recognised from before upper palacolitliEc tiEneS- At 
Eliseevich there were small tuskn of young mammoths, 
and aJso daggers cut oui of tusks, with such chipping at 
the base lo serve as u handle. It js very curious that ihe 
chip-marks do not cover the whole of ihe holding part,^ 
but arc conecuiniied in two patches; a small one lor tlw 
thumb of the right hand, and a more extensive area for 
the remaining lingers and palm. The same thing can be 
seen on Eskimo bone tools. 

Handles as an independent atUichment to tools lo 
complete them appear in upper palaeolithic times.* On 
I he existence of handles for such striking tools as axes 
and hoes we could speak wiih full confidence, once the 
presence of the disimctLve iracesof use of these tools had 
been cslabltshcd- 

flone handles for stone cutting, drilling, and perfora¬ 
ting tools are also known. Malta has yielded a very crude 
form of bone handle, where a fiini knife was deeply 
embedded in the spongy mass of an antler cylinder, 
which provided o very simple imtnovabfe scaling. Such 
a method of mourning had one nrtnjror snag; if the tool 
broke, as often happened wheri it was of llini. It would 
be very difficuh to cxtriiCt Ihc stump. Therefore there 
appeared already in upper pulacolithkr time* a much 
more nceomplished handle, a son of clip open at both 
ends for ejection of ihi; flini stump. Such a changeable 
handle is known from Etiseevich made of a deer long 
bone and probably used for burins^ The clip conshted of 
the diaphysis with two perfcrrations in the artkttlaEing 
end of the epiphSTiJS for ejection of the slump. However, 
as a maleriEa! for handles deer antler consldcrahly pre¬ 
ponderates ov-er long bone; the circular shape of a long 
bone did not alway-s knd itself lo the form of the Hint 
tool, and the walls of tlie diaph)^is were briiilc. 

Two examples may be cited of changeable handles of 
deer anilcrt one for end-scrapers in Ihe material from 
Afontova Mountain, and another for burins from 
Mezin, which is icchnlcally very accomplished. 

The handle frorn Mezin is very wnall with the sides of 
the clip partly cut away, so thal it could be hek! with ihc 
fingers rather as we hold a pencil today wiih ilie finger 
near ihc point. These indications and others allow us lo 
see that ihis handle was not designed for n simple burin, 
bui to be used by a pulac<ihthii: anist for incising his 
lines, which arc so well represcnlcd at this particular site. 

A more accomplished example of bone hondlc- 
making with provision for changing the tool is provided 


^ S. A. S?n™v. f 
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naturally by the E^kiina luhni^tie^ For ejection they 
ui^d an elongated cut in the ^ideat the bottom of the clip 
U'hile a cylindrical hok is bored through the back 
end for suspension from the belt. Such handJes arc for 
the most prt made from the fib of a marine nnimaL 

E^nc tools for bunushlD^ in the 

Upper palaeolithic perkHJ 

Bone mattocks from Eliseevich and Pushfcari I and 
tools similar to them with a flat section* bent shnpe and 
coin^Jt encL as is isell known, have been cbssificd as 
'burnishers' {Imhchih^ (tiijols for nibbing skinh All bone 
objects resembling this have been referred to this 
category* but in faci ihe tools which art really 
‘burnishers', although they look like mahocks, dilTer m 
I heir proportions and traces of wear. 

Two series of bone burnishers have been studied m 
detail from Kostenki I and Avdeev^o. Those from the 
former site arc made out of deer and mammolh ribs and 
ivory. For the most pan they survive as fragmenis 
40-200 mm long; they had broken during use as ii result 
of relatively strong pressure. The working pan of These 
tools is flat and roundedr The animal ribs of which they 
were made had been fim split along their length, the 


tool being made of one half of the rib as ihc exposed 
inner spongy structure of ihe bone on one side indicates 
It is curious that it is proci^ly the latter side which was 
the worki ng onc to judge by the wear nudstrUiiions frorn 
use. In prolife The burnishef is slightly bent, the working 
and spongy side forming the e.\tcmal prt of the bend 
The actual working end, curved with (he spongv' mass 
cut away, is often not only rubbed and polished but even 
ground down by use aud sharpened like a knife blade. 

The burnishers from Avdeeva are better preserved, 
same complete ones being over 3t>0 mm long. Besides 
burnishers of the Kosienki type at this site there is a 
special variant of the tool (fig, It Ls also made of 
rib^ but the kind af wear is very distinci* for iiscntl has a 
sort of curved bevel on tt, and not the gradual tapering 
olT as at Ktssienki I. The end gives the impression of 
having been ground down*, hut the curvature of the 
ground facet cfenrly shcirws that we arc not dcaJing with 
sharpening ngdinsi; a hard object, but with atiriiion on a 
more or leis yielding rrmlerial into which the bumishet^s 
end sank slightly. 

The chatucter and diroaion of the striations also liavc 
their special traits on each type of object. On the first the 
Etriations, beginning at Ihe edge of the working end, run 
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slightly diagoitally and thereby prove that the operator 
pushed roTAVurd on ihc tool not atong its axis but slightly 
to the right of it (%. 93,U 3,4). Working with the second 
lypc he pushed strictly along the axis, pressing hard on 
Ihe skin s outer sttrfoce (tig, 93 J). Moreover, in the first 
case the angle nt which the tool was held in relation to 
the worked surface was considerably less than in the 
second one. 

The changeover to this new method of work, that is 
lo Ihe bomishcf of the second type, was in all probability 


caused by the fact that the implemeni often broke under 
pressure on its end when held at a low angle. 

The length of the tools, their position in work and the 
degree of wear reveal that the rubbing was done with both 
hands. The right hand held the base of llu? tool and 
controlled the angle made to the worked material^ white 
the fingers of the left hand findest and middle fingers or 
thumb) pressed from above on the forward working 
part (fig. 93.4, 5h 

Rubbing the outer face of skin is one of the essential 
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operations jn sVin-dressing. Almost aJI skins undergo 
this treatment In the contemporary industry on special 
rubbing machines, in which the basic instrument is an 
agate or glass roller. The rubbing compresses the skin, 
its outer layer acquiring a lustre (sheen, gloss), which 
makes it not only prettier but tougher and more imper¬ 
meable, The major part of half-dressed hides undergo 
rubbing afier greasing and colouring. 

On some palaeolithic burnishers traces of colouring 
(ochre)' occuTp allhough the majority do not bear such 
traces. Sometimes in the palaeolithic period burnishing 
would have been combined with greasing, that is rubbing 


fat into the pores of the skin to make it elastic and 
impermeable. Such a combined operation in skin- 
dressing can be seen among the Eskimos, 

What is especially noleworthy is the rational nature, 
the eal[njlation, if one can use the expression, of the 
pakeolithic bone burnisher and its method of use. In a 
contemporary rubbing machine, although, of course, on 
quite a different scalc^ the principle b the same as in the 
borte burni^er; to produce a gfeat pressure over a small 
area on the treated material The compression of the 
skin and the polishing to a sheen on its outer fuce is only 
possible by concentrating the pressure on a limited area. 
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and ihcn moving the instrnrnent over ihc skin at such a 
pressiirc. In the candiiions of palaeoliihic life a bone 
burnisher was an cntireLy practkal—iw>, rather the cjfily 
possible^tool for performing this runctloBr 


iL Bone diggjriB tools of upper palfleulithie times 

Not so long ago carih-digging loots (picks and rviatlocks) 
were believed to be agricultural fmplcnienis and to bave 
been invented m mature neolithic times. 

Study of traces of work has allowed us in the first 
place to recognize the existence of earth-digging tools in 
the palaeolithic periods and secondly to identify general 
indications characierislieof this very Important category 
of tool wjthoai regard to its shape, material or dale,* 

The presence of earth-digging tools has so far only 
been proved at two sites: Eliseevich and Pushkari I (fig. 

The ancient inhabitants of the former site in nil 
probability used two types of tool: (1) crude digging- 
sticks, (2) mattocks of an accomplished kind furnish^ 
with handles. Mammoth ribs sharpened at the end by 
being chopped diagonally across could have served as 
digging-stkks, tl is interesting that the wooden digging- 
sticks of the Auslralians and Veddah were also poinled 
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by being cut diagonally ucros^. The diggrtlig-sUcks frcHTl 
Eliseevich were not cjf tinifo™ sia?; besitks small 
examples 20 cm long made by splitting olT a length of 
rib* there were others 50 cm and more. They all had 
strongly worn and blunted cnds+ with their faces and 
angles worn by attrition. Striations, that is scratches due 
to rriction against sand grains, were either hardly notice¬ 
able or quite absenr^ and so indicated that the ^tcL was 
not used In a definite fixed manner It would be sunk 
into the earih vcrlioilly and then act as lever by pressing 
the body against it, ^metimes the user would pick at 
Che earth and break up the ground with it, and also give 
frequent blows wiih the hand at ground-level, like the 
Australian women do when they are tipping open an 
ant-hiU, 

The mattocks at Eliseevich are made of the tusks of 
young mammoth, but ai Pushkari of ribs of the same 
nn imak In both cases the na tural curvature of I he bones 
has been made use of, buL while the Larger mattocks of 


iLsk bear traces of more preparatory work, because half 
the tusk bad to be removed tongitudirally* iha'se of rib* 
which ane smallerH only had to be sharpened at the 
digging end. in both cases this end is convex. The truces 
of use on maitocks have a definite individual chanicler: 
dtstribuEed mainly on the front fucc they take the form 
of clear lines and scratches, caused by contact with sand 
gtuins, running venicaUy up the blade froin the working 
edge^ and are similar but more weakly expressed on the 
back face Ihg. ^.2|. 

The character of the wear and slriations on bone 
maiiocks con easily be recognised by comparison: 
hrstly by placing these marks beside those on maiiocks 
in ethnographical collections, and secondly by compar¬ 
ing them with the traces on contemporary niCLil 
mattocks. 

Examination of Eskimo bone niaiiDckSi, as well as 
steel mattocks from the field equipment of the Leningrad 
Deparlmeni of the Institute of the History of Material 
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Cultui« of the Academy of Sciences of the LI.S,S.R„ to 
conBnTied inferences made from the arehaeologjcal 
niaterial. 

Traces of use on bone maiiocks have ailowcd us to 
draw conclusions not only about the degree of ^ear and 
duration of use of ihc tools, but also about the character 
and properties of the fyound on which I hey were used. 
Splintering of the outline, sharpness and depth of the 
siriations on the working end will testify to the presence 
of ballast or grit in the ground. As ait example of such a 
mattock an Eskimo pick of walrus ivory may be tjuoled, 
found by Rudenko at Chukotka with other similar tools 
in 1945 (fig, 95). 

Even wear on the mattock and very fine and slight 
striaiions will reflect a dust-like (loess) or fine-grained 
consistency of the soil. An antler mattock found in the 
scnlenteot of Pechor dug by Artanwrov in 1947 is an 
example of this (fig, 96), 

e, .4n antler shovel from Shigirsk peat boe 

An antler object that bears wear traces very charad- 
teristic of a shovel is a tool discovered in the Shigjrsk 
peat bog (Ural area) and now housed in the Archaeo¬ 
logical Section of the Ethnographical Museum at 
Leningrad with the label ‘paddle attached to it. 

The shovel is ovial in ihape and to three pairs of 
nciforations down its ccniiB for the attachment of the 
handle (fig. 97,1,2>. It is made from the wide palmation 
at the bottom of an cUt antler, and is 30 cm long, 15 cm 
broad with a very thin section, 5-6 mm. Since one face 
consists of compact antler and the other of spongy 
mailer, it is evident that the base of the antler had been 
very skilfully split seetionally along the interior spongy 

matter. . , 

Traces of working which are best siodied on the sides 
of the perforations indicate that the shovel was made 
with a metal tool. This is revealed by cuts made accident- 
allv on the surface of the compact layer with a tool of 
very low angle of blade-<dgc. The perforations have 
been cut out by a knife with a sharply pointed narrow 

The oval shape of the shovel, its vaguely ladle-like 
appearance and very thin caused ii lo be 

identified as a paddle. Such an ideniificarion seemed the 
mdie probable bccaiise paddles are knowti to esisi m 
this peritxL Woesden paddks af excellent workmanship 
have been discov^rrcdv for example+ in Gorbnnovo 
peal boe * The blade ot an antler shovel was also found 
on this siie^ but of n different consl ruction from the 
Shigirsk specimen. 
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Wear traces on the l□ttc^ an? very clear and lie fur the 
must part on the edge of the back face of the blade- The 
striatiofis reveal a movciTretn parallel lo the iitiplement i 
handle {fig. 97 J). and analysis has shsiwn some special 
features of the wear. On the front face of the shovel, 
whose surface is rough+ wear also occurs near the edge. 
The traces take the form of rubbed, slightly shiny 
patches on the raised parts of the iurface, AII the traces 
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urt disiingiJESh&d by a texture differenL from those on 
ihc norma! earth spade with its marks of the action of 
sand and the working pan of the Shigirsk shovel 

has been worn and even pohshed by meeting rcsisiance 
from a yielding and crumbly matcriaL which could only 
be friable soil, soft sand or snow. One did not dig w'ith 
iJiis shove! p but threw out soil that had already been 


loosened with an antler manock; antler mattocks have 
been found on the sitCr 

It should be observed that dLgg;ing in the conlem- 
porary^ sense, when the spade is pushed into hard caked 
ground with I he full weight of the body, that is cutting 
the earthy only developed later with the appearance of 
metal spadeSr 


5. The use of long bones in ancieni technology 


IN some branches of rnanyfacture the use of bone tools 
was of long duration, as is underlined by the essential 
pari of long bones and antler tn the technical processes, 
not only of prehistoric society, but even In much later 
times. The examples that follow of the use of long bones 
of bcKar+ o\ and horse from ftnal neolithic limes^ the 
Classical period and the eighth to thirteenth ccmurlcs 

A. i>., show that society was cistretiiely reluctant lo give up 
some primitive methods of work, even although in other 
branches of manufaciure ihey had long since been 
abandoned. On the other hand the cvamples cited mny 
prompt field worker not to dismiss material which on 
first sight looks doubtful or fiieaningless. 

B. Burnishing bones from Ltika-^ rublcvctskaya 

The settlement of Luka^Vrubkvetskaya has yielded 
bone tools with wear irnces very characleristk of work¬ 
ing the spherical surfaces of clay pols {fig. 

A series of boar long bones bear very indicative traces 
on their diuphyses. Ai first glance ihcy look as though 
they have been cut longittidlnally on several sides by 
some kind of sharp instrument without giving them the 
appearance of very useful tools. In places the w'holc 
^rfacc of the diaphysis has been cut away^ but the cuts^ 
or rather facets, are of irregular shapes. They are rather 
hollow or even spheroid, and one's first impreaion is 
that such working of bone is frankly impossible. A 
further diflkulty is that they arc not complete long bones 
but only halves^ each with a spheriod hollow of different 
diameter. Evidently originally ihe entire bone was used, 
bul as a result of wear alt along it on several sides it 
broke into two. just as happened with ihc bone rasps 
from Olbia. However, at the present site they continued 
to be used even afier the break. 

To solve the problem of ihcir purpose recourse was 
had to study of their wear striations. In the hollow 
surface even the unaided eye could detect lines showing 
ihe direction of movement during use, which ran along 


the axis of the diaphysk and generally were parallel to 
each othetr 

In spite of these lines the hollo wed surfaces were 
smooth and finely polished, and the arrises between (he 
different facets were sharp. Wiih regard to ihe epiphyses 
they had no wear traces except an even rubbing, 

Tlie obser\Td marks allowed us to draw the following 
conclusion. 

Since the hollow worn surfaces were spheroid they 
would only have been produced by friction agaJnst 
spherical or almost-sphcrical objects, and as the striS’ 
tions were almost parallel (fig, 99.1 then the friction 
must have arisen by horizon cal niovcmcnt, normal ty in 
one direction, for two-way movement alwTiys produces a 
strong confusion and irtTcrsection of lines. By a one-way 
forward movement the whole of the curvature on the 
bone would come into contact with ihc worked object. 
The absence of traces of work on the epiphyses and their 
even polishing on all projecting pans indicate that they 
served as the handle for the tool. The sharp arrises 
between the facels indicate that ihe object being worked 
was fairly hard, while ihe scratches detectable by the 
nuked eye indite the presertee of small hard partick^ 
in the surface of the worked object, 

Deiaikd study of the hollow areas on the bones has 
shown lhat they could rioi be due only to friction 
against the spherical object; evidcnily the hollows had 
been scraped out previously on the bone with a flint 
implement which had a convex retouched blade. Traces 
of scraping out remain as wavy lines on some of the 

facets (fig. 99.2>. 

Thus (he working otew on the bones had been made 
Drigmally with a flint tool, and made to correspond with 
the diar^ler of the spherical object before they were 
ready for use. 

All the signs enutnerated have allowed us to regard 
these bones as burnishing tools used in the manufacturt 
of clay vessels. The nature of the ceramic material from 
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Luka-Vnibkvclskayii has confirmed this inference: a 
vast proportion of ihe pots found here have n dark 
burnished surface of shades varying from black iq grey. 
Some of the sherds had a radius corresponding to the 
radius of the concave area on the bones. Under magni¬ 
fication the burnished surface of the pots showed the 


working was done by horizon ml movcmeni; the stria- 
lions on the surface show this. The lustre had been 
produced after the drying of the clay+and in some decora¬ 
ted pots the burnishing had been done over the orna- 
ment. 

The whole process of producing a burnished surface 
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on iincient pots is stiU not properly undcrsiood, and the 
technique^ especially Lhc application of a wash which 
gives the impression of glaze, is one of ihc secrets of 
ancient firing melhcHis. The \m of bone burnishers 
during this process is not, however^ a matter for doubt. 

In prc-Rcvoluiionary Russian peasant mannraciuje of 
pottery anikr or bone burnishers (smoothers) played an 
csscniial part in the work. They were used both on the 
dry surface of ihe shaped pot and after drying, The 
dner and greasier the paste the belter in ihe firing will it 
maintain its Justie from burnishing', wrote M. Nov- 
gorodaky.* 


9 ^ Lair toots for bumiftifng pots from 

Luk^hyri^ryttikoya: I micnhpkoioj^oph af 
tram ok a 2 mtero-pkotopraph of wff/iJrr of 
bottr wkifftrd by a dfnr ioot: 3 shord of hurnt^hrd 
pofttty; 4 Ktrihod of hurrdsfditg rrcomimcted. 
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b* RniipiiiR and bones from Olliifl 

The of animal bonc^ as working loots coniinucd 
whim metals had been introduced. A clcax illystration of 
ihis is ihc long bones of ox and horse found by the Olbia 
Expcdiiion of 1947 in layers of the HcIIcnisiic period.* 

These bones are of no little interest for us. Apart from 
Olbia they are known from Scythian N^pol and Thana- 
goria, and reveal a new technique in building in ihe 
Gracco-Scylhian area around the Black Sea, and 
perhaps even beyond it in other countries of the Classical 
world. 

A large ^ficrits of bones were studied^ about fifty 
specimens, w hich had clear wear tracts and were in vary¬ 
ing states of prcserv'ation. All these bones had been 


worked before use with melaJ tools, os the following 
marks indkatc: (1.1 the diaphysis had been whittled 
down on two or even four sides, altering the cylindrical 
Section of the bone to a quadrilateral one: f2) each face 
of the diaphysis was covered by small grooves or cuts 
running diagonally dig, 100)^ 

That we are dealing with working tools and not orna¬ 
mental or cult objects was obvious at a glance, but to 
have explained their purpo^ without studying the 
traces of work would have been impossible. The iraces 
revealed that the work had been on a hard and very 
resistant maienat, as the scratches on the bone shafts arc 
very sharp and numerous. They also tell us that greuc 


^ Tbi? b«Kt Jfcere [‘drund try S. ir KjtJtsrlhJfltt tfi hotCT In budd In* dftri*. 
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physical force was used and thal ihe objects were worn 
out fairly quickly; evidently they were related lo some¬ 
thing produced on a large scale. The overwhelming 
majority of the bones had been worn through and 
abandoned only after they had broken in the middle by 
the force of the pressure on them. 

It was also evident from the marks that during use the 
bone was hetd with both hands at the epiphyses, which 
acted as natural handles^ with the left hand slightly 
forward^ just as nowadap we hold a plane or rather a 
rusp. The direction of the siriations indicated this, for in 
almost all cases they nui in ihcsamc di rection as the cuts, 
I hat is diagonally (fig. IOI.U 3 |. 

It had become increasingly evident that what wc were: 
dealing with was a sort of Classical prototype of the 
modern rasp. Howev-er, serious doubts arose on this* for 
the hardness of a long bone is madequate even for rasp¬ 
ing wood. Ycl the traces Indicated a very hard maicrial 


and apart from e^et^ihing ehe it was not clear why the 
cuts had been made. 

As is well known, with a madem steel rasp the main 
work is done by the numerous teeth or projections 
produced by grooving the steel in a soft (tempered) 
condition with a grill. Teciti made by cutting bortc 
coulc! serve no useful purpose, since they would break 
olT and fall away« 

The problem was only resolved by study of the texture 
of the wear strtalions. The scratches or furrows running 
over the face of ihe diaphysis, as mentioned above, 
indicated a very hard* lacerating material with a rough 
surface^ such as onJy certain stone surfaces coukL have 
had. Moreover, these furrows, I mm or less in width, 
had certain peculiarities, which could not have orisen by 
direct use on stone. No rock known to us would leave 
such a texture of truces, not (o mention that the friction 
of bone on rock seemed very improbable. The furrows 
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were very clcur and sharp, showing all stages of wear dn 
Ihe bone by crystals with one or two cutting angles (fig. 
102-1), Such ruiTOws looked a* if they had been made 
whh microburins. Some even were rounded in section. 
[i became quite obvious that these traces were produced 
hy large grains of silica sand used as an abmsive agcni 
wiih bone rasps. 

Once this was urtdcrsiood the cuts also becanv intel¬ 
ligible: they were triangular holes designed to receive 
and contain for a period the sand sprinkled on the 


surface of ihc material being worked. Cutting holes 
On the bones was an extremely practical devke^ since 
with a narrow rasp it was necessary to keep sharp its 
small and perhaps sloping surface from which the sand 
would quickly Tall off during use. Cutting the holes was 
probably done with a claw chisel, well known to 
Classical masons. The cutting was not done just once, 
hut had to be repeated as the holes were worn olT by 
attrition. 

Few silica grains sdll remained in the holes, which 


188 













BONE 


is underst;indabtc, sino: firsUy they fill I free horn it 
very easily, and secpndly the bones bad; been scrubbed 
after excavation. 

When research started and the use of an abrasive 
material had not been recognized it seemed doubtful 
whether it was technically feasible to grind even such 
soft and friable rocks as Black Sea litnestone with bone. 
However, there are reasons for supposing that not only 
hard limestones but even marble and other tough 
materiajs would have been worked with these tools. To 
verify this lesis were carried out, A bone rasp mode by 
the ancient method was cmpk>yed on grinding ihe face 
of a btock of hard marble. The experiment gave posiiive 
results (hg. 102.4,5). 

A bone withoui cuts and sand was worn by the 
frlclion which .scarcely affected the marble; the rough 
surface of the latier seemed to choke up with bone pulp, 
became smooth and the frieiion was lost due to slipping, 
A bone with cuts but without sand wore more t^uickly 
ihan I he stone, but after the addition of sand the marble 
was ground more quickty than the bone was worn. An 
unev-en face on a block 23 mm wide and 12 mm long was 
smoothed in ten minutes’ work. The wear striaEions on 
the bone used in the test looked identical to those on the 
ancicni bones. 

Thus the bones studied from Olbia can be regarded as 
tools for I he secondary working of stone, that is for the 
grinding and shaping of architcciural details and ail 
kinds of smalt surfaces with the help of an abrasive 
agent (sandk 

The working of stone by means of a long bone and 
silica sand represents a rough grinding of the hewn 
face, similar to w^hat in contemporary technolog)' is 
caltcd 'rasping'. Subse^^uent excavations at Olbia 
produced bone objecEs w hich allowed recognition of yet 
another kind of tool used for working stone. In tSSi 
Kaposhina found an object consisting of half the 
epiphvTiis of a bone of a larg^ animal <Hg. lOl .lL To 
judge by the marks the epiphysis had been chopped off 
with an tixe and then sawn in half. On one side was the 
external compact bone, on the other the porous matter 
of the spongy interior. On the latter side were traces of 
prolonged friction in the form of rubbing, not only on 
the hard exterior bone, but on the spongy matter itMlf. in 
the pores of which went remains of chalk. As h well 
known, chalk is a delicalc abrasive material used to 
produEx a shine in stone-polishing^ as arc other fine¬ 
grained poivders- 

The use of thespongj' matter of the bone for polishing 
js easily understood- It is lough in a fresh condition and 
its porous structure holds the abrasive malcrial for a 


torrg time, preventing too rapid application bul dispers¬ 
ing it on the surface being treated. In contemporary 
burnishing and polishing special instruments bke 
wooden circles or balls enclosed by a soft porous 
nraierial, such as ba-st, felt or skin, arc used to hold ihc 
polish powder,^ The use in this way of pumice, w hich has 
a porous .structure, is also known. 

In the ancient Ciraeeo-’Scythian lechniques of grind¬ 
ings burnishing, and pohshlngdccorativesEone, not only 
the bones of large domestic animals, hut also deer ant ter 
was used. At Olbia a semi-cylindrical object has been 
dug up made from the sawnn^ff base qf an anikr. The 
saw cut had been made with a metal saw with line blade 
and dcliCdEc leeih^ as was evident by the iraces. The 
spongy inierior had been exposed longitudinally. 
Although no iraces of use were detected ihe spongy 
interior of untfer is a tough male rial and in all probability 
it was I he rough-oui for a polishing tool. 

C. TlinflK-streichers from Hodanov hill fort 
Study of the ihong-strctchcrs from Rodanov wa.s our 
earliest atiempt to apply to bone the method of studying 
Ehe functions of ancient siorte eooIs from their traces of 
use. Star led in 1941, work was renewed in I ^>4 5.* 

The trial was made on new nratcriul from a very 
recent per lend, the so-called Marge ground bones' from 
Rodanov hill fort found in the excavations of M V. 
Talitsky, The she is dated to the eleventh to thirteenth 
cenluries a.d. These ground bones are not newcomers to 
archaeology^ since identical objects were published 
almost half a century ago under this name by A. A, 
Spits)Ti in his Antiquities of ihc Kama C hud' based on 
the feploukhovie collection, 

A considembte scries of long bones of large animals 
found at Rodanov, mostly horse mctacarpals, bore these 
marks. Firstly each distal epiphs^is had been irimmed 
with a mclal axe, as revealed by broLid flat scars. 
Sccondly the diaphysis was marked by deep traces of 
wcar+ looking at first glance rather like that found on 
rough wooden axles. However, the truces differ from 
one another both in depth and shape ■Sfig, KITE 4). 

Some inferences could be made about the purpose of 
these objects* ihc most plausible being ihai tlvcy were 
axes about which an objtfci or something on a hinge had 
rotated. 

Analysis of the wear traces demonstniied iliiat there 
could be no question of rotation or hinging: the 
structure of ihc bon<a would not have allowed ii, since 
in section They are not round but flalienedp nor were 
there any indication.^ of an intention lo make them 
round. Moreo^'er, the wear extended in many cases over 
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I lie epiphyses which hod been ^veti an alinost quad¬ 
rangular section by chopping. The marks of w^ear tend 
to concentrate on one and in some cicamples the 
diaphysis has been worn over foiir-rifihs of its face from 
one side, while on the remaining part, for holding, there 
are no traces whatever. 

The general impression given by these bones, that they 
had been ground on one side by a laibc, is a deceptive 
one. Jn fad* the one-sided friction has been product^ by 
the sliding of a narrow object of some kind not moving 
simultaneously on the two edges of the bone. The 
grooves passing round more than half the circumferenDe 
do not coincide, that is they do not join up, as is quite 
clear if the lines ate pnojccied on lo a flat surface. 

Study of the structure of the traces has shown that the 
surface wear took place slowly with weak attrition. 


which technically in surface working is called ‘burnish¬ 
ing’. However, this burnishing took place under consider¬ 
able pressure, as more than half the bones had broken 
along the tines of deep wear. 

Undoubicdly I he material thoi produced such wear 
was thin and elastic^ taking the shape of^ and bending 
over, the rigid bone. This can be inferred from the fact 
already noted that the flCTCible object had embraced half 
or more than half of the bone shafi, just as rope, for 
instance, embraces the hKcd axle of a pulley os it slides 
up and down. Here, however, the sliding took place with 
some horizon ml slip, as shown by the narrow grooves 
lying logelher on top of the bone. 

' Whai, in fact, were these bone tools? There could 
have been two possible answers. Originally we thought 
that they were a device for stretching cord or iwinc 
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matcHal used in Xbe daily life in hill forts of the Qiud. 

E lo^^'cvcr, the stmciure of the traces cannot be cniircly 
reconciled mth this conclusion, ^nd subsequent esami- 
rmtion has aiuscd us to change our mind- The traces arc 
huttish or circular, or even quite flat, and could only 
have been left by thongs. This indicates the existence of 
thong manufacture, as does the aggregate of the other 
Tnioes. 

Thus these bones can now be regarded ais thong- 
sirtichers for softening and stretching thongs, probably 
sewn oncSv used in the making of sheepskin and fur 
clothings hamessesK saddles, and footw-cur (fig, 103.5), 
In the north they are used with sinews at the present day. 
By measuring the traces on the bones we can work out 
the width of the thongs worked: on some they were 
mm and on others 5-8 mm wide. 

The deductions that have been made arc quite 
consistent with the technical basis of skin industry, and 
can be verified by urchaeologtca! material from the 
Nenets, CTiukobik people and Caucasianst illustrating 
implements for stretching thongs- A point arises here 
that is of great importance in the study of functions of 
bone tools. 

The traces are of fundamenlally the same character, 
but in their shapes the ihong-stretchers have nothing in 
cominon. The Ncnelz thong-stretchers are of very 
individual shape, made of deer antler with an aperture 
cut through them. In order to stretch and soften the 
thong both the apenurc, through which ihc thong is 
passed, and the tines, over which it is stretched^ arc made 
use of. Tlic C hukotsk people also use a perforated instru¬ 
ment but of a special kind, while in the mounuins of the 
Caucasus they used a wooden hook strengthened with a 
cramp. Subsequently other vurtants of this tool, not 
resembling one another either in shape or maierifll, have 
been elucidated. 

Thus once more the proposition put forw^ard in the 
study of Slone tools has been conlirmed: tools differem in 
shape may have one purpose and, conversely^ identical 
tools in many cases were used for diflercni purposes. 
Relying on this crucial principle research must not 
concern itself wiih formal indications, but instead seek 
out the truces of use on all bones generaliy, and par- 
licularly on the nameless mass of maierial which has still 
noi found recognition amongst certain categories of 
tools or aricracts. 

d. Tram nf use on the ^skati*%' and giwvwl btuiK 

at Sarkirl 

Amongst numerous bone objects in the fon of Sarkel 
{ White To werl dating from the tenth to twelfth ceniuries. 


found during ihoexcavalions by M. I. Artamanov which 
concluded in 1^53, were a large series of so-called 
^skaies'. Long bones of horse and ok« which have had 
one side trimmed and ground to produce a regular 
smooth face, have been widely given this name, ^Skates' 
are found comparatively frcquenily in sites dating from 
last miticnium tj.c. onwards. They are known frorn the 
spulh of the European part of the Soviet Ufiion (urn- 
fields and ai Olbia and SarkclL as well as the north 
(Staraya Ladoga).' 

The 'skates’ from Sarkel are made on metacarpal and 
metatarsal bones of ox and horsey occasionally on the 
radius. Generally the smootJi area is on the frontal side 
of the bone, where an epiphv'sis has been trimmed otL so 
that the bone has the appearance of a sledge runner or 
skatcffig. 

In studying the surfaces on this series it became clear 
that the facet bore traces of wear in cveiy ease except 
one, where there was only preliminary trimming of the 
diaphysis- The bones were worn variably: some slightly 
rubbed, others worn all over or even through to the 
centre of the bone. 

In rare instances they had been used wishout trim¬ 
ming, but generally after prcliiniTiary trimming the 
frontal face of the bone had been ground on an abrasive 
Slone, which converted the rough chopped surface into a 
geomcirically tegular area (fig, I04,:>), 

Oihcr specimens of 'skates' occur made in a ditlerent 
way, with not only the fronial side buL three or even four 
sides chopped and ground, which makes them square in 
section, XhcM bones are perforated at one end (fig. 

104.3K In all types, however, ihc wear is only on one 
face. 

A noticeable feature on alnu^t all the bones is the 
rubbing not only on the face side, which w^as the working 
prt, but also on oilier pans and particularly on the 
dorsal side. Here one or two patches of denting occur 
(fig. 104.4), which on bone looh was usually nieani to 
give purchase either for ihc hand or for lashing- 

The purpose of the 'skates' cannot be regarded as 
finaU) settled, although their study has brought us very 
close to a solution. First of all it is necessary to deny the 
proposition that these bone objects were us^ for skating 
on ice. A whoki series of facts militates against this 
contention. Firsts the hollow part of the bone has no 
perforation with which to tie it to ilie foot. Secondly. 
friclioTi against ice would leave recognizable tracer on 
the ground an^: the edges would have been rounded, 
the sharp angks rubbed off and dulled, and the ground 
area would have lost its geomctricui regularity. Thirdly, 
the sitiations would have reficcicd the movements of a 
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skater, ^hich is not straight forward. For m order to 
propel himself he presses sharply on the pointed edge of 
each skate in turn to acquire montenium, when the skate 
itself does not move forward bui gives slightly lo one side 
under the weight of the foot. So on steel skdics she wear 
lines cross the mainaKis at an angle of 70-80 . Fourthly^ 
on real skates one can always see nan-linear iraces 
(abrasions and dents) produced when the skater stopped 
or walked on the ice. Ekntsand abrasions arise from the 
faei that ice is nOE of uniform consistency^ since it con¬ 
tains Foreign matter (sand, gravel and small pebbles). 
Fifthly, not all the ’skaEes" from Sarkel have a raised part 
abo^'C at the end- The ground areas on some boni^ in 
spite of traces of strong wear are perfectly straight right 
along. Such 'skates^ could not have slid on ice without 
hitting each unevenness. 

Thus the wear on the bone objects from Sarkel cannot 
be regarded os consisEcnt with Eheir use as skates. The 
ground areas have regular shapes, while the striations as 
seen under the binocular microscope ha^e she appear¬ 
ance of very fine lines orienled in one direction, parallel 
to the axis of the diaphysis. Consequently in use these 
ohjeerts slid straight forward. The area on which the 
sliding took place h ad just the sa me degree of regu lar Rat- 
ness as ihe ground areas of the bones. The mb or gloss 
on [hese areas indicate that during use friction beneath 
the 'skaIts' occurred Lhrough a thin and soft material, 
otherwise the bone would not have had a glossed surface. 
The intervening material could not have been of fiyid or 
powder consistency, because there is no trace of it in the 
spongy stnjciure of the bone, and it couJd only have 
been a textile or thin skin. It is possible that it was a 
icxhtc which required finishing work after being laken 
off the loom. This is especially necessary in the cose of 
silks, which are teased, sponged, and ironed on rollers 
(catenders) or under a press or rubber, in the Middle 
Ages, when machinery was tn its infancy, such ofKra' 
lions were produced by hand with the help of'smoothers’ 

E A. fseillin has put the maher thus' The dilferencc 
between n rubbing niachine and a calender was that the 
former had as its object the creation of a gloss on an 
already finished piece of efoih. For this purpose the 
working part of a rubbing muchine consisted of polish¬ 
ing (half-ov'al) stones acting like the roller in the 
calender A second type of such an apparaius which we 
have already met in linen manufacture was the screw- 
press for dressing. Finally sometimes a cmder method of 
rubbing WTsa employed—smoothing by pressing the 
maicrial on a table with a polished stone (or lump of 
metal). 


In antiquity evidently the differentiation of function 
in the preparation of doth between calendry and rubbing 
did not e^ist: both operations were done with one and 
the Same smoothing tool. 

The bone smoothers from Sarkel, to Judge by alJ the 
indications identified on the surfacCK were used noE wi[b 
the hand but with the feci. Especially indicative of this 
was the polishing on the dorsal side, which in the 
majority of cases was not trimioed and retained the 
anaiomical shape of the bone. Moreover, on this side 
the crafEsman sometimes had made dents with an a.\c 
edge, which, as already mentioned, was a favouriic 
device on bone tools for giving the skin firmer pinchuse 
when it had become slippery^ On the 'skates’ Ehete are 
two clusters of dents near both epiphyses, Ehc distance 
between them roughly corresponding to the distance 
between Ehccentie of Ehccalcuntumand the dtslal head 
of the mctatofsal bone on the sole of a human foot. 
The instrument was probably operated theneforc with 
bare feet (fig. 104.5* 6J or only wearing soft shoes, the 
smooEtiing bones with an aperture in the epiphysis being 
lashed to the foot with thongs. 

Work with the feet would be more ciTective in such 
simple operaiton-S as smoothing a length of cloth or 
skin, since it would permit the use of considerable 
muscular force and the full weight of the body. 

The use of [he strength of ihe legs played □ pan m 
other operations of ancient tesiUle manufacturing: *ln 
1208 in a London fulkry si request of the urban fullers 
was considered that the fulling of broadcloth at a river 
mill outside ibe town be suppressed bemuse it was 
dfipriving them of iheir comings* since ihetr "tools" 
(legs) had neither the strength nor quickne^ of fulling 
milLsiones.'" 

Another series of long bones from Sarkel has different 
I Rices of w orking and wear (fig. 105.1 4). The marks of 
working are of two kinds. First are the marks, often 
found on long bones, of the epiphysis having been 
trimmed down in order lo level it olTwith the shaft. The 
trimming has tKKn done with a metal axe, well sharpened 
and with a low angle-sharpnc^. Secondly, deep straight 
cuts or grooves have been made on the cliPphjr’sis which 
intersect one another ai differeni angles, I he shapes made 
by the intersecting lines being square or rhomboid. The 
niajority of the grooves haw been cut with a knife, but 
in one instance on a toot with grooves of varying width 
the broader ones have been hollowed oui with a nuirow 
chisek There is one e.itamplc made out of deer antler 
instead of long bone. On one bone the channels do not 
intersect, but lie diagonally side by side, and on ii traces 
of whittling are visible designed lo trim the working 
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surface or lake off projeclions, as had been done also on 
the others. Almost all the tools, with one exception^ have 
broken along one of the deep grooves, wbere the resist¬ 
ance would be weakest. 

The surface of these tools is nibbed to a shine or 
even polished in the area of the grooves. No traces 
from a hard or sharp implement can be seen on 
them, 

[n certa in cases the relief of the s^^imres and rhombs is 
not only polished to a lustre but also partially or com¬ 
pletely worn away by prolonged use. However, study of 
the polished surface under binocular lenses has r>Pt 
revealed wear striations going in any de^nite direction. 
A series of small scratches visible on the projKtions of 
the squares and rhombs run in different directions, and 
so cannot serve as an indication of the horizontal move^ 
ment of the tool. They could have arisen from various 
causes and give no clue to the looFs mo^einenU 

Jn addition signs of another order are noticeable: the 
edges of the squares and rhombs am damaged, btunicd 
and rounded. A definite impression is created that the 
material on which the work was done partly filled up the 
interior of the gmoves. Wear of such a kind could noi 
arise by displaccmeni of the tool on the surface, hut only 


by pnssure on the material causing it to penetrate ihc 
excised areas on the bone. 

Ii seemed very important that the area of strong wear 
did not cover the whole of the excised pattem on the 
bone^ but wms confined to a smaJI part. This indicaled 
that the pressure exerted at one time did nol extend over 
a cunsiderable area. The broken tools reveal the very 
great mechanical force applied in ihe momenl of pressure 
on the worked object^ as also does their severe wear. 

Taking the w hole lot of marks into consideration^ and 
especEally ihc deep excision of the geometrical pattern on 
the sides of the long bones, the strong wear and polishing 
on ii, the indication of vertical squeezing on a soft 
rnaterial and the small area of pressure with gr^t 
meelmnicat force during pressing, one is bound tg 
conclude that the tools were designed for stamping 
patterns on a plastic material. 

Yet this matenal could not be clay, paste or any thing 
like ihat, and on the face of it wjjs likely to be skin. 
Stamped skin, as is well known, occurs since the limes 
of the early nomads. 

The designs from these tools stamped on plasticine 
pve a positive impre^ion of the design on the stamp 
(fig 105.6,7h 
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Regularity in the development of the basic tools of the Stone Age 


The re^li^ itei oui above in the study of ancient xwh 
permit some geneniS conclusions to be dmwn about the 
rcgnlarity in their development, that is an attempt fco 
work out the fundamental tendencies, as it were, observ¬ 
able in the evolution of tools during the early stages of 
the history of society. 

This is due to the fact that all tools, jncludiiig the most 
ancient, are a means of acting upon objeerts of the 
external environment 'svith the intention of altering them 
in a way necessary for man, tn concrete icmis the funda¬ 
mental processes of work carried out wiih tools are 
direcEed towards the alteration of the cxcemaL form or 
physical consistency of an object taken in iis natural 
Slate, be it stone,earth, wood, bone, animal or veictable, 
principally by dividing the whok into parts* separating 
one or many panicles from the whole or reducing the 
whole to small parts. These atieralions are achieved by 
cutting, chopping, splitting, ^apingn boring, grinding 
and so on. 

In correspondence with such tasks, and in so far as 
their eonripkiion derives from a preconceived plan, the 
main lendencks in the development of tools have been 
directed towards reduction in the resistance of the 
materials of which objects in the external world are 
made, raising the productivity of work, and trying to 
bring wiihiii ihe cognisance of society all new natural 
materials. The following basic lendendes can be dis¬ 
cerned in the evolution of tools. 

Firstly, to improve the manufacturing processes in 
which the tools were used prehistoric man changed them 
by reducing the edge angk of their working part. This 
applies to all kinds of tools with blades or points 
intended to penetrate into a plastic material like meat, 
skin, wood, e^nh and so on. 

Secondly, man changed ihe same category of tools by 
giving them a smoother and more even surface on the 
working part contiguous to the tip or blade, in order to 
reduce friction against the worked material. 

Thirdly, man improved his locls^ especially striking 
ones* by raising the fo-rcc of physical action on ihc object 
of work, or in other words he increased their mechanical 
powder. 

Fourthly, he worked out methods of increasing the 


rapidity of mov'cment of the tool during the working 
process. 

Fifthly* he expanded manufacture by diflerenliaiion 
of function and specialization, creating tools of new 
Shapes, dimensions, and materiaJ- 

Obviously these live tendencies in the development of 
tools do tiOE exhaust all aspects and dErections taken by 
the alEcrattons and improvemenis. Yet it can be clearly 
seen that these five are the fundamental directions of 
change charactcrisiic of the early stages of devclopnient* 
In later periods the number grows, as for example the 
subsequent acquisition by man, with the progress of 
technology, of means of raising the resilience and tough¬ 
ness of the tools thernseives by altering the physico¬ 
chemical properties of ihc material of w hich they were 
made. However, this tendency only assumesexcepuonal 
importance whh the adoption of metals, and as far as 
stone tools arc concerned man from the beginning was 
employing a material not susceptible to internal chan^. 
Only with the so-called [nseriion technique in which 
stone and bone were united did man achieve some 
success tn raising the potentiality of the material. It is 
true, of course, that we have in Ihis only a mechanical 
combination of two qualitatively difTcrent materlab, 
leading to a mutual reduction of their weaker sides with¬ 
out any alterations of the properties of the materials 
lhemscJ%'cs. 

It should be noted that, in order to enhance the 
practical use of natural matter, men in very early limes 
be^n Co try to change the physico-chcnucal properties 
of necessary objects by employing the action of fire, stm, 
and water. Tht first and most iitiporlant achievement in 
this field was the cooking of animal and vegetable food 
with the help of tire; roasting and baking aroK at the 
same lime as tire was mastered. Besides cooking man 
very early tried to use lire for working his tools in wood 
and bone. Charring of wooden poinis in boar spears, 
dubs, and javelins, in order lo increase their toughness 
and hardness, took place alresidy in palaeolithic times. 
Then follow'ed steaming and soaking of bone and antler 
to soften ihem and make working easier. The hardening 
of arrows by heat was mi her later. However, problems 
of the use of physico-chemical meihods of work ffine. 
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water, sunl fall outside the stope of this book, which is 
cofioemcd only with mcchanicil tools und nruiinly with 
Slone ones. 

Crucially significani in the development of ancient 
lools were not only the reduction of friction by ntitking 
smooth (sliding) surfaces, but also the opposite tendency 
lo increase the friction on tools designed for working 
hard materials (abrasives) dr trituration of colouring 
and food matter (pestles, colour-mortars, and quems). 

The category of abrasive tools r[!CCEved a definite 
extension in the later stages of dc%'e]op[ncnt of pre¬ 
historic technology. In palaeoEilhic and neolithic times 
nian employed as abrasives (pestles, colour-mortars, 
querns and various grindlitg tools) granite boulders, 
pebbles, and plaques, which retain traces of work but 
have not themselves undergone working (shaping and 
cutting out of the working surface). However, during 
ncoirthic times a tendency^ is already noticeable towards 
a signihcunt alteration of the natural shape of abrasive 
stones (sandstones or cyStaJlinc rocks) for a more 
ciToctive use of the mechanical properties of the granular 
rock. Gradually man enlarged the working areas (the 
friction surfaces) on pestles, colour-mortars, and 
plaques, which on whet.stones and grinding took took 
on a shape corresponding to that of the worked object, 
giving higher efliciency in terms of time and quality of 
work. An excel lent example of such an accomplished 
abrasive is the grinding tcxils from Vcrkholensk. 

Another phenomenon that is noteworthy in the 
des"e1opmcnt of stone tools again was intended not to 
reduce friction but on the contrary to increase it. This is 
the perfection of a tool with toothed or saw-tike edge 
made by bifacial retouch. Such tools were spear- and 
arrowheads, knives for dismembering animal carcasses, 
gutting Osh and cutting mcal^ flint sickles and saws. All 
these were designed for use qn elastic and fibrous 
matter: the teeth bit into the fibres and lore them apart. 
However^ to some degree this tendency ran oonlrary to 
that mentioned of reducing the edge angle of the blade 
For example meat knives with very thin blades easily cut 
anirmil fibre, but at the same time they were very brittle. 

The developnvent of tools with a toothed blade 
received new possibilities at a relatively late stage v^lth 
the adoption of metals, when first bronisc and then iron 
saws for use on bone came into use, and finally wood¬ 
working saws- 

Very clo^ to the hne of development leading to a 
decrease^ of the resistance of the material is the burin^ in 
essence a onc^ toothed saw^ for working bone, which 
appeared in upper palaeolithic times. In neolithic limes 


it fell behind by comparison with chopping tools (axe, 
adre), but after the appearance of metals the role of the 
burin gradually became more important and it took on 
major significance as a result of ihc development of 
n^hanical working of bone, wood, stone, and metals. 

It is necessary to draw attention to the tendency 
towards an incfcaslng economy in the use of material 
with the aim of reducing dependency on it because of 
the difficulty of obtaining it. Some archaeologists have 
noticed this.^ Ln the present work allcntion is mainly 
devoted to the tendencies In the cs'olution of prehistoric 
technology which were motsl important for mechanical 
tCK>ts of ihe Stone Age, and which can serve as objective 
principles tor assessing the dev^topmenl of ancient tools- 
For the sake of brevity we will call the first tendency 
reduction in the angle of sharpness) the second, reduc¬ 
tion of friction) the third, increase in the force applied; 
the fourth, increase in rapidily of movement: the fifth, 
specialization: and the sixth, economy ofmalcriaL 

With regard to lower ar^d middle palaeoLolhic tools 
(Chetlean, Aelvcuhan, and Mouslerian) there is not 
much to say, as the functions of the tools have not been 
studied. Nevertheless some general characteristic can be 
discerned. The angle of sharpness of these tools is very 
great, but some diminution is detectable between 
.Achculian and Mousterian tools. The amount of 
friction in use (cutting or whittling)^ particularly With 
tools made by bifadal percussion^ was great because the 
w orking edge of such tools was formed by large uneven 
ccinchofdal scars. Hand-axes of Cbellean type could be 
used in that kind of mechanical work which made use of 
their weight, that is siriking actions. Such would be 
hewing bortc, breaking rotten wood to get insects, 
making nests in hollow trees and in the ground, cutting 
off knots and young branches for wooden tools (siutfs, 
clubs, boar spears) and so on. 

The reduction of the angle of sharpness in the blade in 
Acheulian hand-axes as against rhcHean ones is quite 
obvious.^ In the latter it is 70-75 , in the former 3Ck-50 , 
while the angle of the point in profile is 70-90 and 
30-90 , and the facet angle 75-95 and JO-50 . in the two 
cases. 

The blades changed in shape, retouch smoothing them 
out and getting rid of the ligzag. This change took place 
in the blade and point because in all types of plastic 
work on wood and bone the Cliellean kind ofimplement 
is unsuitable^ like all tools with a wavy edge. They would 
not havT been practical as side or end-scrapers and 
would never have been used for cutting up carcasses, 
cutting fibrous plums and so on. The greater pan of 


■ RuUadit lEi.1 lui 'Ijuct^uc^ T. 

■ G. A. lteflc3l-Ow¥>lnviJiy. 3-4 (1938). p. I SI 

* F. B<M'0Nn P nd F- r#-, ST il:9S4\ pg>. I 44., pi. I-I V. 

200 



REGULARITY 


[hcsc functions was probably Oirrii:d out with 
which aCETompany Kanct-axfS in Abundant numbers and 
varied forms on Acheulian sit«. 

An extensive use of flakes and a permanent demand 
for them cal ted into being the so-called Mousterian tech¬ 
nique, Ehat h the technique of taking such flat rough- 
outs otf a pyramidal core. The Eeaf-shaped Rakes so 
produced of course, required finishing work, but as 
tools they were disEinguished by great possibilities, 
including a reduction in (he angle of sharpness of point 
and blade. They could be retoucived on one face, from 
ventral on to ihe dorsal side, which would reduce 
friction in working bone or wood. There were no facets 
on the slightly conve:^ but smooth ventral face. 

li was precisely in the Mousterian period that a more 
accomplished method of Ihin pressure rciouch was 
adopted, well known from points, scraper.s:. and bone 
retouchers of this period. Fine pressure retouch made ii 
possible to strenglhen the relatively weak edge angic^ 
and also to sharpen I he tip. 

An economy in maierial is noticeable with the appear¬ 
ance of the core. Repealed flaking of leaf-shaped Rakes 
from a Core made it possible to gel a considerable 
number of rdugh-outs from a single Rini nodule. 

The birth of ihc Mousterian technique was noi 
accidental; a icchniquc of flaking off rough-ouis from a 
cone developed gradually and side by side with bifacial 
working. If on the one hand the prototype of manu¬ 
facture was the Raking of a pebble or nodule leading lo 
the Clactonian, Levahois.and Mousterian forms of looh 
mainly used as knives and scrapers; then on the other an 
initiaf stage is represented by the rough sharpening of a 
pebble at one cnd+ subsequently conv-erted into bi facia 1 
working. In both cases a scriking technique (percussion J 
w as em ployed. 

As regards a growth in productivity and speciuliiwtion 
of [he tools we still have lit lie unalnical evidence for 
him judgment- Preliminary study of material from the 
caves of Kiik-Koba and Kosh-Koba and from the site at 
Volgograd makes it reasonable to consider Ehai in 
MousEcrian limes man already had several i)Ties of tool 
at his disposal. Of course, the real existence cannot be 
accepted of such tools as bolas, *disks^ used, as axes, 
‘choppers" and other conv-entionany named toob, 
classified by western archaeoEogists not by their purpose 
but by their shape. Obviously Mousterian industries 
conEutn stone strikers, sLone and bone retouchers, bone 
resEs or anvils, pointed Rint knives for cutting up 
carcasses, knives made on flakes for cutting meat and 
whittling wood or bone, side scrapers for working skin, 
perforators, bone and stone headi foT boar sf^ars and 
other tools, not lo mention wooden clubs, boar spears, 
devices for making fire and so on. 

From the point of view of increasing the force and 
speed of movement of tooiSr no important achlevcmenEs 


are recognizable in middle palaeolithic techniques. That 
the physical potential of Ncandcrtalcrs was used 
irrationally can be judged by the fact that all the sionc 
tooEs were heJd in the hand wUhoui separate handles. 
This explains the strong derelopmem of the w idlh of 
phalanges (particularly the ungual phaEange), as we can 
sec by the skeletal remains from Klik-Koba, Krapina, 
La Ferrossie and oEher sites. 

JaI'din-ihrowing, which requires a high degree of 
flexibriily of the spine and free movement of the shoulder 
joints, wus probably unknow n EO Ncandcrlalcm, and al 
all events cannot be pro^'Cd. We can only speak eon- 
tidently of the use of a non-Ebrewing spear fthc boar 
spearJ. European paluecliihic siies ha^e yielded evidence 
of boar spears: Clactornin-Sea, La Quina, Castillo and 
so on. 

Very often lower palaeolithic and Mousterian man 
must have made use of the kinetic force stored up in Ehc 
weighs of sEonc, wooden and bone tools (choppers, 
clu^, antlers and so on). Strong muscular dcvt:lopmen[ 
is testified by the prominenDc of the projections on the 
bones to w-hich the sjnew}t were attoclted. 

The change to the upper palaeohthiic is marked by 
great achievemcnES in al] aspects of devcIopnKnE in 
tools. Especially noteworthy is the new technique of 
making iooU based on flaking off blades from a pris¬ 
matic core, which made it passible lo overcome several 
difficulties simultancously. 

Fi rstly, tlw angle of sharpness of the blade-edge of all 
categories of cutting tools was shaq?]y reduced thanks to 
I he Rat section of prismatic blEides; it now fell to below* 
20 . In addition grcjEcr opportunities revealed them¬ 
selves for making every lype of poiiued tool I points, 
awls, perforators, drills), penetrating plastic materials 
with more facility bccytise of the elongated shape of the 
blade. 

Secondly, each blude consisted of ei ready-made two- 
edged tool, whose sharp edges required blunting 
rather than sharpening- This led to the general develop- 
mcni of two types of dulling retouch: ftne Ion the edge) 
and steep rciouch in depth. 

Thirdly, the prismatic bbde allowed the creation of a 
new tool the burin, thereby bringing into extensive daily 
use bone, ivory and antler, materials with high technical 
merits. 

Fourthly, a signiRcani economy in material was 
achieved by contra.si with the preceding perfod, thank-s 
to the new' technique of blade-making, which to .some 
c.xtcnt eased man's dependence on the material. A 
person using a small quantity of flint could now achieve 
a signLhcanilV greater result. 

Two difficuitjes arose with the new technique which 
man ovicrcflmc with advantage to himself. One of these 
was thai narrow^ two-edged tools were vety often impos¬ 
sible to hold in the hand: they required handles, whose 
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appc^ranize in this period r-rprus^nts nn immense 
tcchni!c:i| conquest. 

Ihe second difficully was that prismatic blades are 
bow-shaped in profile, a feature that impeded their 
employmcnl for daggers, beads for javelins, darts and 
other tools wiih a straight axis, A solution was found by 
the applies lion of Hue pressure retouch (Solutrean 
reiouchh whteh permiiitd the removal of fine slivers 
from The blade in order to geE straight but sltghily 
shorlened heads and knives. 

Thus biracial w orking wus rC'CreuECd in upper paEaeo- 
lilhic times, but now on a much higher leehnical basis. 
This bifacial pressure retouch was especially valuable 
when good npdular dinl was lacking and man was 
obliged to use low-grade variclies, like the tabular 
material which we met in the low^er layers of Kostenki I 

As regards reduction of friction of the tool against the 
worked material here also were obvious improvements. 
The rcduclion of the angle of sharpness of blade-edge 
and point Thereby implied sonne reduction of friction, 
but the mnin achievement of The period was not in this 
way. The technique of blade-making was such that the 
blade produced was^ as jt were, ground smooTh auTo- 
mutically: the fiat belly and the three facets of the back 
had Jewl and smooth surfaces. These and particularly 
the belly were already slipper)' and as a result reduced 
the resistance of the material as the tool encountered it, 

Man sysiematically and persistently sought out more 
rational ways of working and reducing friction^ even if 
he did it mainly by trial and error in the course of the 
work. Traces of wear show that blades used as knives for 
w hi tiling wood and bone were grasped in the hand in 
such a way that the belly and not the back of the blade 
faced the material Exceptions to this rule have hardly 
ever been delected. Blades of whittling knives are hardly 
ever retouched to ease friction, and, when they are, as a 
rule it fs from the v'entral side on lo the back, noi vice 
versii. 

The increase In manufaeture and specialization of 
tools in upper palaeolithic times became more c^idcni. 
The requirements of d society of hunters in the peri- 
glacial zone of Europe and norEhem Asia made neces¬ 
sary^ new branches of manufacture, for which the 
previous range of tools was inadequate. DifTercnt opera¬ 
tions earlier performed by one tool were now carried out 
with several For example, there w^cre meat and whittling 
knives each with its own shape and method of use, and 
besides this there were known: cnd-scrapcrs for dressing 
skin, burnishers, perforators and awU, bone needles, 
drills, burins, Stone saws, sidc-scrapers for use on bone, 
chisels, axes, bone wedges, mattocks, pestles, mortars, 
pounding slabs, retouchers, pnessers, spearheads. 


harpoons, javelins^ handles Tor various tools, and Olher 
tools. 

Study of traces of uxe reveals that in upper pulaeo- 
liihic times there was still no very sharp division of 
function between tools. Sometimes whiiiEing knives were 
used for cutting mcaip strikers as rciouchers or pestles, 
and so on. Nevertheless division of function was one 
of the chiiniCEedstic traits of the period; ihc propersies 
of tools, for example fiini blades, had become such that 
a mixing of functions in one tool was becoming more 
and more difhculE. Whittling knives would require a 
blade cither unrctouched or barely trimmed from the 
ventral side, that is not toothed., but it was noi essential 
for the blade to be straight: ■while on the other hand for 
meat knives straightness and a Eooihcd edge wen? very 
imporEant, 

In upper palicolithic times an increase in force of 
applfcaiion of tools was achieved without any increase 
in human physical potential: indeed, it is possible Ehai 
man then was physically weaker than Neandertal man. 
Nevertheless he was certainly higher in a social sense or 
in terms of icehnolc^\ 

Due to the use of the handles in which he mounted his 
knives and burins the application of useful energy was 
two to three times as great. This happened because u 
finnergrasp in the hand could make use of Ihe muscular 
strength of Ehc shoulder and upper arm to a much 
greater extent than when, as previously, a culling tool 
had been used without a handle. 

Handles on digging striking tools fmattocks) and 
chopping tools (axesj made it possible to increase 
significantly ihe cocflkieni of useful action of muscular 
energy, since the elongation of the handle made the 
movement more rapid. The increase in rapidily of move¬ 
ment was especially signifkant in projectiles, -which were 
first adopted and brought into gcnenil u&e in upper 
palaeolithic times. 

In the life of the most artcient petEOds of humanity 
hunting played an important part, but the advantage of 
humans over the aniimlsihey pursued was noE greai. It 
lay mainly in collective action, in she organization of 
drives of game, hut once man was in a position to strike 
the animal from a distance by throwing a javelin his 
advantage was greatly increas^. The sling, bo las and 
even the boomerang were not known everywhere, but 
jav'elln throwing became almosi universal It was pre¬ 
cisely in this field that the principles were first realized 
of how to increase ihc rapidily of move mem of objects 
over a distance. 

The average flight of a light spear (darij if we rely on 
the ethnographic evidence is 35-40 m: its average flight 
propelled from a spcar-ihrower’ (^woonKra of Ehe 
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Aii^lraliam) is 70-S0nv This is u rrtcdsurc of the 
increase of distance obtained by palaenlithic man by 
meam of increasing the rapidity of movement of his 
tools by a practical mastering of some ckmentary' 
pri ncj pies of bal lislics. 

Soon after the javelin, or perhaps at ihc same time^ 
man explored the posstbiliiies of more complicaicd 
balllstie devices by the creation of the slings bolas and 
[hrowing club^ whose flight is circular. The evidence as 
to whether ihcsc wem employed in palaeolithic times is 
not knowrn lo us in a convincing forni, but apparently 
they existed, although not everywhere. 

Thus the most important technical advances in 
palaeolithic tools coincided with the cultural divisions in 
Europe: Chclics, Acheul, Moustkr, AurignaCp and 
Solutre. The period known as mesolithic has been 
evaluated quite differently. This period in the evolution 
of the Stone Age has been regarded as an intervening 
stage without independent significance, merely semng 
as a link between two cycles of development, a sort of 
unconformity between geological layers. Not long ago 
some students siill regarded the mesolithic period as one 
of decay and degeneration; study of tcchnologj’ of the 
period lends no weight to this view. 

It cannot be merely chanee that ii Is precisely in 
mesolithic times that man aiiemptecf in a considerable 
wav to overcome one ^'cry weak side of stone tools that 
im^ded further devclopmcni in their use. This weakness 
consisied in the brittleness of stone and iis inability lo 
withstand pressure in movements and blows, and it was 
exacerbated by the fact that the angle of blade or poim 
sharpness had been reduced^ while at ihc same linw the 
length of the working part had been increased. 

In spite of all their other merits upper paMeolithIc 
prismatic blades arc very^ briitic rough-outs due to their 
narrow soctron. On sites of this period we encounter 
huge quaniities of broken toots- Undoubtedly javelin 
and dart heads generally broke at the moment of impact 
again.^it theanimafs body; possibly many broke the first 
lime they were used. 

This feature is revealed by the broken shouldered 
points from Kosicnki I and the leaf-shaped heads from 
Telmansk. On these sites a series of fragments have been 
found, not tips but stumps of the head. Evidently they 
had been brougbi home by the hunters with the shafts, 
but the tips of the heads would have been lost in the 
bodies of wounded ajiimals. 

The technique of insertion therefore was of immense 
significance. Ft was a new way of improving ik toot to 
increase its toughness by uniting stone and bone in one 
construction. 

The first steps in the manuraciure of composite tools 


were made at the end of upper palaeolithic limes^ but 
systematic and varied application of the new technique 
falls within ihc mesolilhtc period, 

Flint Inserts were mounted in grooves in bone rods 
wiihoul steaming, the bone evidcnlly being just soaked- 
ll is true that by the action of water bone swells only 
very slowly^ but,^ ^wing id the lime in ii, it dries quickly 
and grips." 

The Ltdvaniage of u cornposiie sool tuy mainly in She 
fact that it olTercd greater reliability in a blow- or other 
cases where it was subjected to .stress: if individual 
iaserts broke or fell out they could be replaced it gave 
weapons a Konger life. Composite tools such as heads 
for spenrSp knives^ daggers or harpoons could be made 
of variable length* which might exceed the length of 
ptisnvatic blades. 

They could be made absolutely straight without 
regard to the Curvature of a compkic blade. There was 
no nc5cd to resort TO the laborious Solulrcan pr^ure 
retouch, which required large cores or tabular flint. 

The rtta n ufacture of so-called micro-blades once more 
reduced the angle of sharpness* reaching the thinness of 
a razor and left without retouch on the working edge. 
Only with a bone mount could a small thin briElJe blade 
be brought into practical use. 

Moreover, in this technique the principle of economy 
of such an important material as flint was carried to Its 
practical limit* a circumstance with imporiani conse¬ 
quences. .A society possessing such a technique was no 
longer confined to the area of deposits of high-quality 
chalk flint. In any case many of the deposits of such flint 
had been destroyed at the end of the glacial period. For 
making inserts any maieriaJ of the quartz family was 
suitable; pebble fiint, agate, hornslone, chalcedony^ and 
jasper, even if they occurred only in very small nodules. 
Fliniy mliwratSp however, occur as pebbles (river, lake* 
and mrinej in abundance almost everywhere. 

All these merits of the insertion technique were so 
important that* after its appearance in mcsoliihic limes, 
it continued into neolithic and even to some extern into 
early mctalhc timra. An excellent example of composite 
loolss in the neolithic period can be died in the beautiful 
Siberian specimens from graves in Fsakov. Serov, and 
Rasputin published by Okladnikov.* 

In the history of tools very great significance is 
attached to the invention of the bow, first brought inio 
widespread use in mesoliihk: times. It became possible 
because man by experiment had reached the point where 
he grasped the value of ihc polcntiaL energy stored in 
elastic bodies, pfe-cminently wood* with which he had 
had constant dealings, lie had only to notice the strength 
of a bent branch or sapling. 
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Hunting societ)' of niesotiEhic timts because of the 
bovr mode a great advance tit the increase of napidily of 
rno^cmcni of tools. The speed of an ajTOft’ exceeds by 
two and a half to Three limes that of a casi javelin, due 
to the brief impulse received from the bow siring. The 
grcaier ihc speed the greater is ihc force and suddenness 
of the blow. 

As regards disianoc of flight it was twice that of a 
javelin hurled from a spear-throwcrp and three to four 
times [hat of one hurled from the hand. For cxamplei 
the Veddah bow (Ceylon I tautened with the feet, accord- 
ir^g to the reports of K. G. Seli^n and F, Sarasin, will 
shoot an arrow 30(S^350 m (free flight), which gi^"es a 
practical wounding range of 150-21)0 ra. 

Yci the range of an arrow released from a bow and 
even iLi speed would have little practical importance 
without OIK essential feature of this hunting weapon, 
precision in back-stgtiiing. Up to then not a singk pro¬ 
jectile tneithcr jiivelirip nor spear-thrower, nor slings nor 
bobs, nor throwing club) had any kind of back-sight. 
The methods of throwing were Icamt with great diflieuky 
and were almost imptKsible to pass on by teaching. A 
bow allowed the arrow-shaft to be directed over open 
sights at the level of the hunter s eye. and so greatly 
simplihed discharging missiles at game. On top of this 
the hunter could take a Targe supply of arrows with him 
because of their slight sijfe and weight. 

In order to appreciate the invention of the bow more 
fully it is iKcessary to remember that the principles of its 
mechanism were later employed very clfeclivelv in 
vnriotte types of crass-bows, which with traps and snaros 
w^cre the origin of ancient butomatie' devices. 

Ancient spear-, stone- and firc-ihrow'ing machines of 
Cbssical and early ruKdlevaf limes (cross-bows, catapults 
and so on) relied on the s^mc physical mechanism, ihe 
cliisticitv of a piece of matter. Moreover, the technique 
of lontion is merely □ specialised use of this physical 
pr^ipcriy; ihe esseniiiiJ elemenT here is a tighily twisted 
cord of ox sinews or woman's hair. The baIJisio, ihe 
Roman stone-throw jng machine, h a typkal specimen of 
torsion artillery. 

Thus by the time all the possibilities within the 
principle of the bow^ had been exhausted society had 
practically entered into ihefounh stKio^onomic'stage, 
capitalisms the bow and cross-bow played some pan iri 
Furopceven in Ihc scvmtccnth century. 

The cuiural and lechnieal achkvements of the iricso^ 
lilhic period^ besides the introduction of composite 
tools and bows and arrows, included also the invention 
of the adze and domeslication of the dog. At this lime 
and connected with great geological and climatic changes 
settlement began over new tcrritorici in all five con- 
tinents- Frnully it has iq be noted that in nKSolithic 
limes agriculture started in the sub-tropical zone of the 
Mediterranean and tropical belt around ihc world. 


TECHNOLOGY 

A main feature of ihc development of neolithic tools 
which it is very important to notice is the fact that during 
this period society reached the limit to which the useful 
propenies of stone, as the mnln icdinical material for 
tools, could be exploited. 

With regard to the angle of sharpness no real advanoes 
can be discerned, but with regard to reduction of friction 
by means of grinding axes, adzes* chisels, and knives, 
there was an advance of the first magnitude. Attention 
must now be drawti to ihe facT That humanity in the 
Slone Age took a fresh step towards freeing itself from 
regional isolation by the perfection of in techniques of 
making its tools. 

In neolithic tinKS man began making axes and adzes 
by the technique of grinding, which, needless to say. can 
be regarded as a progressive achievement. Students con- 
Kntratingon this, however, and noticing improvements 
in the working of wood have overlooked! a consequence 
of this. In reality ihis narrow (cchnical achievement 
opened a new era in the history of humanily. Vast 
tracts of the globe hitherto uninhabitable became acces¬ 
sible for scitfcmenl and exploitation thanks to she 
ground axe and adze. The occupation of the forest areas 
of the northern hemisphere, the tropics and isliinds of 
the Pacific Ocean, w^s possible for two reasons. Firstly, 
ground axes were considerably more efflcicnl than 
unground ones for chopping trees for houses^ canoes^ 
stake structures,, and slash-and-bum agriculture; 
secondly^ the grinding technique allowed these tools to 
he made ol rocks which in earlier periods, because of 
the prevailing technique of flaking, had not and could 
not ploy a UiScful part in the economy, since techniques 
of splitting* flaking and retouch did not allow them la be 
worked. 

The palaeolithic and mesolithic techniques of flaking, 
blade-making and retouch permitted the use only of 
flinty rocks of the quartz family, which are not abundant 
in nature, and in a whole group of countries are met only 
as siTtall river pebbles* not suitable for the manufacture 
of such large implements as axes and adzes. The grinding 
technique allowed man to employ for this purpose 
different volcanic granular rocks and even the softer 
shales and slates. 

It is well known that almost all the axes of the 
northern forest half of Europe are macie of slate Ufmwn}. 
The adzes w'iih which the Melatvesians and Pol> 7 icsians 
dug out iheir outrfggcr and doubTc canoes for settling 
The islands of ibe Pacific Ocean were made of basalt. 
Thartks to the ground axe, the earliest slash-and-burn 
agrieulluFic became possible in the fore.sicd areas of the 
lemperatc and tropical zones, as well as the construction 
of pile-dwellings, which represents a great new^ step 
forw^ard in the creative activity of man, in the dcvclop- 
meni of society and the formation and strengthening of 
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Wc3od-working had a marked influence on thcspeciali- 
zatEon of took in neolithic tiiTKS- In palaeolithic times 
an uxc was a rare oDcurrence, in mesolithic an adze wa^ 
added lo the axe^ although it wm an exceptional object, 
tn the neolithic period an axCp adze, and chise] were in 
use, and fn some areas a whittling knife or even a plane 
(iwo-handied knife). In addition wc can detect specializa-^ 
tion in the ad^es ihemsclves^ the most used tool at this 
time. There are adzes for rough trlmmini of wood, for 
surface work, for deep transverse hollowing^out, gouge 
and bevelled adzes and so on. Such profound specializa¬ 
tion in neolithic wood-worki ng (ooh is not found cvery- 
whert, for only where this branch of manufacture had 
reached a high degree of development did this become 
necessary. The same may be said about other forms of 
manufacture. 

With regard to increase oF Force applied m tools in the 
neolithic period no major achievements are noiiceable, 
only a fuller realization of striking tools mounted in 
handles. The latter covers chopping tools (axes, adzes, 
hoes, picks) as w^qll as stqiic hammers. In neolithic stone- 
splitting the wedge and lever were widely employed. 
Levers were employed for moving great weigh is, as, for 
example, the stones used in building n^egaliil^. li has to 
be recognized, however, that the wedge and lever had 
been employed in earlier peiiods, for exiimpte in splitting 
wc^d and bone and in digging the ground. 

As a new achiexxnwnt of this period m a higher Ic^-el 
we must place Ihe flrst attempt to make practical use of 
ihe moving forces of nature, for example the wind. This 
was the case wiih the adoption of a sail in some parts of 
Ehc world (south-eastern Asia and the Mediterranean 
area). Evidently in neolithic times, particularty in 
southern Asia ([ndiak ihe strengih of domestic aniinals 
(horned callk) was harnessed for transport. 

As regards increasing the rapidity of movement of 
edoIsh this tendency in dexHcIopmeni found its expression 
in ncolilhic times in the applicalion of the principle of 
roiation in some kinds of work. AN bodies moving over 
11 certain distance develop great force if they turn on 
their own axis. In its crudest form ihe prlncipk of 
rotation was applied by prehisiorfc man in such throw¬ 
ing implements as a sling, boomerang., and bclas. 

A more valuable application of the principle was 
found in the adoption of a very simple mechankaJ drill 
opera led by bow' and string. With this devke a stan was 
tnude with t^ukker and better-duality drilling of wood, 
bone, shell, stone, and also a swifter method of making 
fire. It has been maihcrnaiically cakulaicd, and is 
supported by ethnography, ibat fire can be made in 
12-15 Seconds with a bow drill, assuming the jmoiV faire 
and all the rules observed. The bow drill is construction¬ 
ally related to the archer's bow, but the disk drill, widely 
employed by tribes in America and the S^acific Ocean 
area, to the spindle. 


The clUciency of lirilling with a bow drill is rtrlaiivcly 
very great; if, for example, two-handed drilling (alter¬ 
nating spfn between the pirns) was two to ihiee times 
more ettectivc than one-handed drilling thalf-iums), 
then bow drilling was twenty limes more efficient ihan 
two-handed drilling. 

Furl her development of the principle of rotation, 
which had found expression in ncolithk times In the 
form of drilling tools, a litilc later (cncoliihic times) led 
to the adopt bn of the potter s wheel and can wheel, and 
so produced an exceptionally fruiiful enhancement of 
the speed of nvovement in other sides of human activity 
and in the productivity of work. 

However considerable may be the technical achieve- 
ments of ihc Stone Age it is quite obvious I hat at the end 
of neolithic Eirises the derelopmcnt of stone tools had 
reached a cul-de-sac w-iiii all possibElities of further 
iniprovemcni of technology on iis existing material 
basis exhausted. Although cutting tools in the form of 
composite knives and daggers were a high achievement 
of Slone technology, they were vciy complicated and 
laborious things to make and^ more imf>ortantH their 
elhcicTirCy was not great. They consisted of a set of flint 
htadcsi in a bone haft whicb was considerably ihrckcr 
lhan they were and which always impeded the cutting. 
In addilion u coTnbination of bone and stone did not 
gjv¥ toughness and reliability in the ntorc cxachng 
requirements of the work. Flint inserts would hreak, 
splinter and fall out. As for stone drills^ awlSr ^pear^ ^nd 
arrowheads, they broke just as often as the palaeolithic 
ones. Man whs powerless lo alter the internal properlics 
of stone fn order to reduce its brittleness. 

Especially important in the technology of this period 
were the chopping tools (a.xcs. adzes, chisels, and picks), 
whicli had to retain a large angle of blade sharpness, 
olhcrwiise they would ha>T broken at the first blow. Some 
adzes had an edge angle of 45-50 , but the basic moss of 
chopping tools averaged 55-fiO or even more. So in 
fpite of grindings in spite of bevelling on adzes ihc 
eflidency of which was greater, in spite ol otltenmprove- 
ments noticeable at the end of neoliihic rimes (for 
example the manufacture of chopping tools of regular 
geometrical shapes by sawing out ihc rough-outs), the 
producttvjIy of work had already ceased lO increase. 
Furthermore, rotary ntovementT the positive qualities of 
which were described abo%'ei had little prospect of 
development white wood, stone or bonc wm employed 
for the axis. 

An escape from the situaiion that had arisen was 
found in the extraction and working of nicUils. Metals 
are noi distinguished by the hardness of some rocks and 
minerals, and the miijoriiy do not possess resisLanoc to 
chemical reagents. All the sante, metals had an incom¬ 
parable advantage over stone; they possessed plastic 
qualities and were malleable without breaking, and did 
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noi £plinter under n blow ot pressure. Tlie angle of 
sharpness on an uxt or adxe blade could be reduced to 
IS^20 and thus considerably raise the productivity of 
ihe ifnpJcmcni. 

The very process of making the tool achieved a 
reduction of friction without the necessity for grinding; 
casting und forging rendered this bbonous process 
unnecessary and left only the sharpening to be done. 
The degree of hardness of metal was not consistently 
high, but fusings forging, and quenching carried out at 
will could produce the requisite qualities. Forging and 
smelting could not only give any shape to a metai tool, 
but also employed it economically, not a scrap of the 
precious maicria! being discarded. 

The ability of metals to assume any shape and acquire 
a desired hardness gave nnan the opportunity to develop 


and nariul tools to an unlimited level of spedali- 

nation. At the same time^ due to Its special mechanical 
quality, one mecaL tool could Lu case of necessity replace 
several stone ones. For example, a one-edged pointed 
knife of the early Bronze or Iron Age could equally 
satisfactDrily be employed as a meat or whittling knife, 
but also as an awl, drill, burin or skin knife. The blend¬ 
ing of such varied functions i n a single stone tool would 
have been impossible. 

In. conclusion it should be observed that the study of 
the laws of development of material culture is an urgent 
task of archaeological science. A knowledge of these 
Jaw^ revieals the direction of the development of working 
toots, wncapons, utensils, houses, cloihing, of different 
manufactures and of iranspoii, and sheds new rays of 
light on hisfodcnl problems. 
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